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Becoming  more  competitive  in  the  international  shipbuilding  marketplace  is  a  high 
priority  goal  for  the  U.S.  shipbuilding  industry.  Achieving  this  objective  requires  in-depth 
knowledge  of  both  foreign  and  domestic  design  practices,  shipbuilding  rules,  and 
shipping  regulations. 

Most  American  ship  designers  are  familiar  with  the  American  Bureau  of  Shipping  (ABS) 
construction  rules.  ABS  is  part  of  the  community  of  major  international  classification 
societies,  including  Lloyd’s  Register  (LR),  Det  Norske  Veritas  (DNV),  Nippon  Kaiji  Kyokai 
(NK),  and  Germanischer  Lloyd  (GL).  To  gain  and  maintain  an  internationally  competitive 
position,  U.S.  shipbuilders  must  be  capable  of  understanding  and  applying  the 
requirements  of  this  diverse  group  of  classification  societies. 

This  project  provides  a  database  that  will  help  American  ship  designers  distinguish  the 
similarities  and  differences  between  ABS’s  requirements  and  those  of  other 
internationally  prominent  societies.  To  do  this  in  the  most  effective  and  efficient  manner, 
the  problem  was  approached  from  both  a  qualitative  and  a  quantitative  direction. 

The  qualitative  treatment  is  a  U.S.  Navy  Ship  Work  Breakdown  Structure  (SWBS)-based 
index  of  ship  construction  rules  for  four  classification  societies  (ABS,  LR,  DNV,  and  NK). 
SWBS  Groups  100  through  600  were  included.  This  information  is  presented  in  a 
concise  manner  by  the  Microsoft  Excel  spreadsheet  titled,  “Qualitative  SWBS  Analysis 
Database”  that  accompanies  this  report  and  includes  a  “significant  differences”  field  with 
other  important  observations  made  during  rule  assessment. 

In  the  course  of  compiling  this  information,  it  became  apparent  that  few  instances  of 
significant  difference  could  be  found.  The  International  Association  of  Classification 
Societies  (IACS),  has  adopted  the  “Unified  Requirements”,  which,  among  other  things, 
specifies  minimum  longitudinal  hull  girder  strength  requirements.  Applying  this  uniform 
standard  for  longitudinal  strength  has  the  effect  of  minimizing  any  resulting  differences 
between  societies  for  the  major  portion  of  a  ship’s  structure  (SWBS  Group  100).  Many 
other  topics  covered  by  class  rules  are  mandated  by  the  IMO  Conventions,  and  hence 
similar  for  all  societies. 

The  quantitative  treatment  develops  and  compares  the  midship  section  scantlings  for 
two  container  ships  of  modern  design.  The  scantlings  for  both  designs  were  generated 
by  applying  the  minimum  scantling  rules  of  three  classification  societies  (ABS,  DNV,  and 
GL).  The  designs  used  are  NASSCO’s  R.J.  PFEIFFER,  a  conventional,  Panamax  ship 
that  was  delivered  to  Matson  Lines  in  1992,  and  BIW/Kvaerner’s  BATHMAX  1500,  a 
high-speed  vessel  with  a  slender,  wave-piercing  hull. 

The  results  are  tabulated  along  with  the  “as  designed”  (BATHMAX  1500)  or  “as  built” 
(R.J.  PFEIFFER)  scantlings  for  the  various  plates  and  stiffeners  that  form  the 
longitudinally  continuous  material  at  the  midship  section.  The  key  finding  from  this  part 
of  the  exercise  is  that  longitudinal  strength  and  fatigue  requirements  must  take 
precedence  over  the  rules  for  local  structure. 
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1.0  INTRODUCTION 

This  work  was  performed  under  NSRP  Project  Number  6-96-1,  Ship  Designer’s 
Handbook  -  Cross-Reference  of  Requirements”.  Originally,  NSRP’s  SP-6  panel  (Marine 
Industry  Standards)  monitored  the  project.  Over  time  and  through  reorganization,  project 
responsibility  has  been  passed  to  NSRP’s  SP-14  team  (Product  Design  and  Materials 
Technologies  Major  Initiative). 

Since  the  project’s  original  inception,  developments  and  changes  within  the  marine 
industry  have  shifted  the  project’s  focus  to  a  product  that  will  help  to  solve  current 
problems  and  anticipate  future  demands.  Nevertheless,  the  motivation  for  performing  the 
work  has  remained  unchanged:  To  improve  the  competitive  position  of  the  U.S. 
shipbuilding  industry  in  the  international  marketplace. 

Building  the  knowledge  and  capability  base  of  the  U.S.  shipbuilding  industry  is  the  goal 
of  the  NSRP.  Developing  more  informed  and  educated  people  does  indeed  assist  in 
helping  the  U.S.  become  competitive  in  the  world  market,  but  it  also  has  benefits  to 
advance  the  industry  domestically.  To  produce  products  that  will  receive  acceptance  in 
the  international  market  requires  knowledge  of  the  international  rules  and  regulations. 
Regulations  are  standardized  by  the  various  International  Maritime  Organization  (IMO) 
conventions,  but  the  rules  of  the  various  individual  classification  societies  present  a  very 
different  problem.  The  design  group  at  a  U.S.  firm  needs  the  capability  to  recognize 
major  differences  between  their  standard  practices  and  those  that  are  required  to  meet 
the  rules  of  an  unfamiliar  classification  society.  This  early  recognition  reduces  time  to 
acclimate  a  designer  to  a  new  society’s  rules.  Familiarity  with  foreign  classification 
societies  will  also  fuel  inventive  thinking,  intelligent  debate,  and  new  innovations  by  U.S. 
ship  designers. 

Bath  Iron  Works,  through  Newport  News  Shipbuilding,  began  this  NSRP  project  in  May 
2000  and  concluded  it  at  the  end  of  October  2000.  The  work  was  divided  into  two  tasks: 

•  The  first  task  is  a  qualitative  analysis,  indexed  by  U.S.  Navy  SWBS  number,  that 
compares  the  provisions  of  four  societies’  rules  (ABS,  DNV,  LR,  NK). 

•  The  second  task  undertakes  the  assessment  of  rule  differences  in  a  quantitative 
fashion;  a  comparison  of  the  effects  on  midship  section  structural  scantlings  due 
to  applying  three  societies’  rules  (ABS,  DNV,  GL)  was  conducted 

The  key  results  of  the  analysis  were: 

•  Building  a  comparison  database 

•  Providing  the  comparison  tool  to  industry 

•  Gaining  familiarity  with  commercial  standards. 

This  project’s  final  deliverables  consist  of  this  handbook,  its  appendix,  and  a  Microsoft 
Excel  spreadsheet  file  in  electronic  format.  The  handbook  is  organized  as  follows: 

•  Introductory  information  with  regard  to  the  use  and  development  of  the  handbook 

•  Details  of  the  processes,  methods,  and  formats  used  to  develop  the  electronic 
database 
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•  Discussion  of  the  results,  which  includes  a  description  of  the  electronic 
deliverable  along  with  the  overall  observations  of  any  trends  and  particular 
conclusions 

•  Recommendations,  which  are  followed  by  the  references  and  appendix 


2.0  SUMMARY  of  FINDINGS 

A  list  of  findings  from  the  analysis  follows: 

•  Primary  scantlings  are  driven  by  longitudinal  bending  criteria 

•  A  shift  to  FEA  and  first  principles  analysis/design  is  taking  precedence  over 
prescribed  equations  from  rulebooks. 

•  The  structural  design  of  a  new  vessel  is  a  complex,  iterative,  time-consuming 
process  that  is  best  undertaken  by  competent  people  with  the  latest  tools  and 
analysis  programs. 

•  The  rules  and  rulebooks  primarily  can  only  provide  a  building  block  for  structural 
scantlings. 

•  The  IACS  has  considerable  influence  on  the  structural  aspect  of  designs,  and  on 
the  society  rules  themselves.  Unified  Requirements  have  led  to  global  minimums 
for  longitudinal  strength,  which  is  the  basis  for  the  structural  design  as  a  whole. 

•  IMO  and  flag  state  regulations  have  major  influence  on  non-structural  topics  of 
ship  design,  including  operations.  The  classification  societies  develop  their  rules 
to  meet  these  regulations  directly  in  many  cases,  leading  to  more  similarity 
between  societies. 

•  The  need  for  more  ships  for  “significant”  conclusions  in  scantling  analysis  was 
discovered.  Concrete  trends  and  conclusions  cannot  be  confidently  made. 
However,  comparisons  between  societies  for  the  same  ship  can  be  made. 

•  Electronic  software  programs  are  becoming  very  important  and  in  some  cases 
mandatory  for  structural  design  approval.  These  include  programs  published 
from  classification  societies  and  non-society  programs. 

•  Investment  in  new  tools  for  designers  is  imperative.  However,  companies  and 
individuals  need  to  recognize  the  need  to  invest  in  upkeep  and  training  of  the 
software  and  skills  to  operate  the  software  efficiently  as  well. 

•  The  United  States  does  not  have  a  universally  accepted  Work  Breakdown 
Structure  for  commercial  design.  The  Navy  SWBS  is  not  an  acceptable 
substitute  for  world-class  work  breakdown  structures.  The  U.S.  needs  to  adopt  a 
foreign  system  or  develop  its  own,  slanted  toward  U.S.  practice. 

•  Societies  have  understood  reciprocal  agreements  to  accept  another  society’s 
rules  and  approvals  as  their  own  whenever  necessary. 


3.0  PROJECT  BACKGROUND 

The  current  transition  from  traditional  DOD  to  commercial  specifications  in  design  and 
construction  among  U.S.  Shipbuilders  and  the  U.S.  Navy  has  generated  new  thinking  as 
well  as,  a  great  deal  of  energy  as  the  industry  strives  to  reduce  cost  and  become 
competitive  in  the  global  market. 

The  marine  industry  knows  that  compliance  with  international  regulatory  body 
requirements  and  a  familiarization  with  foreign  class  society  rules  are  keys  to  becoming 
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competitive.  The  Government  has  also  realized  that  over-regulation  is  a  hindrance  to 
competitive  pricing.  Part  of  this  realization  has  been  the  development  of  such  programs 
as  the  USCG  Alternate  Compliance  Program  (ACP),  which  is  one  part  of  reducing  the 
high  costs  of  building  a  U.S.  flagged  vessel.  The  ACP  allows  the  class  society,  namely 
ABS  in  the  United  States,  to  be  responsible  for  the  plan  review  and  approval  for  all 
aspects,  which  include  class  rules,  Coast  Guard  regulations,  and  International 
regulations.  The  class  societies  have  also  taken  on  more  responsibility  for  incorporating 
such  regulations  right  into  the  rules  from  the  beginning,  this  allows  for  many  International 
regulations,  such  as  SOLAS,  to  be  satisfied  without  necessarily  consulting  the  SOLAS 
text  in  many  instances.  We  predict  further  development  and  cooperation  between  class 
societies,  IMO,  and  the  USCG  to  make  the  process  much  more  streamlined  for 
designers,  flag  state  officials,  and  class  surveyors  all  together. 

The  project  brings  together  the  different  class  societies  in  a  manner  that  can  provide  a 
focus  and  a  base  for  future  development  of  other  projects.  Continuing  the  recent  trend 
in  industry  collaboration  and  uniformity,  the  International  Association  of  Classification 
Societies  (I ACS),  has  made  major  strides  in  standardizing  major  components  of 
structure  and  safety  between  all  its  members.  All  major  world  class  societies  are 
members  of  IACS.  As  time  continues,  further  standardization,  collaboration,  and 
unification  will  provide  an  even  more  solid  basis  for  which  the  quality,  safety,  and  upkeep 
of  the  world’s  merchant  fleet  can  grow  and  still  maintain  its  integrity.  This  will  surely 
benefit  the  U.S.  shipbuilding  industry  as  well. 

The  initial  BIW  proposal  submitted  on  27  March  2000  to  the  panel  included  the  scope  to 
compile  a  listing  and  indexing  of  various  publications,  namely  classification  societies. 

This  scope  would  have  produced  a  searchable  index  of  document  references  organized 
by  SWBS  number.  After  this  proposal  was  submitted  and  accepted,  but  before  work 
commenced  on  this  project,  it  was  discovered  through  initial  research  that  this  exercise 
had  been  completed  as  a  separate  project  (latest  revision  -  NSRP  0488).  With  this  new 
information,  the  project’s  scope  shifted  to  this  comparison  and  analysis  of  classification 
societies. 


4.0  OBJECTIVES 

This  project’s  overall  objectives  are  to  provide: 

•  Concise,  organized  information  on  the  similarities  and  differences  between  the  ship 
design  rules  of  various  classification  societies 

•  Increased  familiarity  with  international  classification  societies  for  U.S.  owners, 
designers,  engineers,  and  students 

•  Savings  in  design  time  and  effort  due  to  early  recognition  of  major  discrepancies 
between  known  practices  and  required  results 

•  A  top-level  reference  tool  to  assist  ship  owners  and  their  design  staff  in  classification 
society  assessment  and  selection 

•  Insight  to  the  present  day  relationships  between  the  ship  designer,  classification 
society,  and  the  process  by  which  a  design  advances  through  the  approval  cycle 

Considering  the  overall  goals  and  objectives,  it  was  decided  that  the  work  objective  and 
end  product  would  be:  to  develop  a  top-level  handbook/tool,  through  educated  technical 
assessments  of  classification  society  rules,  for  owners,  designers,  engineers,  and 
students,  that  will  assist  their  efforts  to  assess  the  impact  of  various  classification 
societies  on  ship  design  features. 
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To  accomplish  these  goals,  the  categorization  needed  to  be  familiar  to  designers  and 
engineers.  The  U.  S.  Navy’s  Ship  Work  Breakdown  Structure  (SWBS)  is  the  standard 
U.S.  practice  for  a  work  breakdown  structure  at  many  U.  S.  shipyards.  This  led  to  having 
the  index  organized  by  SWBS  number. 


5.0  TECHNICAL  APPROACH 

5.1  Scope  Summary 

Due  to  the  difference  in  the  timeframe  from  the  original  abstract  and  today,  the  project’s 
scope  took  on  a  new  direction,  with  the  approval  of  the  NSRP  Product  Design  and 
Material  Technologies  Panel.  This  change  in  direction  resulted  in  a  revised  scope  of 
work  to  be  completed  for  the  project. 

To  provide  a  top-level  initial  reference  tool  for  designers,  owners,  and  operators  requires 
an  in-depth  analysis  and  technical  assessment  of  the  various  sections,  rules  and  topics 
covered  within  the  society  rules.  It  was  determined  that  only  the  main  class  rules  for 
construction  of  steel  ships  would  be  used  for  the  qualitative  analysis.  This  excludes 
special  analysis  of  differences  in  rules  between  type-specific  vessels  such  as  vessels 
intended  to  carry  oil  in  bulk. 

Also,  due  to  the  lack  of  perceived  complexity  in  developing  new  and  separate  midship 
sections  for  different  vessels,  the  quantitative  analysis’  scope  was  narrowed  to  three 
classification  societies  along  with  the  as-built  or  as-designed  scantlings.  Germanischer 
Lloyd  was  inserted  due  to  the  structural  development  software  made  available  to  the 
project.  DNV  was  retained  due  to  the  position  enjoyed  as  a  technological  leader  in  rules, 
keeping  up  to  speed  with  fast  changing  developments  in  various  aspects  of  machinery 
and  design.  ABS  was  included  as  the  standard  for  U.S.  design  and  construction. 


5.2  Procurement  of  Publications 

It  was  necessary  to  procure  the  various  publications  and  software  from  the  class 
societies.  Publications  and  software  from  eight  sources  were  obtained.  These  included 
class  societies  and  regulatory  body  publications. 


5.3  Qualitative  Analysis 

In  response  to  the  original  solicitation’s  suggestion,  SWBS  was  chosen  as  the  indexing 
basis  as  it  is  the  most  familiar  breakdown  structure  in  the  United  States  today.  The  U.S. 
Navy  SWBS  provides  the  basic  systems  and  parts  necessary  to  complete  the  most  basic 
analysis.  However,  as  the  project  progressed,  and  the  analysis  progressed  through  the 
rules,  it  was  realized  that  SWBS  had  significant  flaws  for  providing  a  strong  breakdown 
structure  for  commercial  based  ships  and  designs.  This  is  discussed  later  in  the  report. 

It  was  also  decided  to  only  concentrate  on  SWBS  Groups  100  through  600.  The  other 
groups  are  not  applicable  to  commercial  design  and/or  do  not  directly  relate  to  design 
efforts,  but  rather  construction,  administration,  and/or  operations. 

Using  the  SWBS  designation  as  the  indexing  basis,  the  first  step  in  going  through  the 
rulebooks  was  to  align  the  section/rule/part  in  the  book  to  the  appropriate  SWBS 
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number.  For  a  number  of  SWBS  numbers,  there  were  many  sub-items  that  could  be 
classified  under  that  one  SWBS  number.  In  the  database,  for  those  cases,  there  are 
multiple  rows  for  the  same  SWBS.  The  sub-topic’s  designation  is  made  under  the 
“Description”  cell. 

The  entire  rule  text  or  equation  is  not  included  in  the  database  due  to  copyright 
considerations.  Items  that  are  included  in  the  database,  where  applicable,  include  the 
variables  (type  and  total  number),  but  not  the  actual  equation. 

Once  all  similar  rules  within  the  societies  were  assembled,  a  technical  assessment  of  the 
rule  was  made.  Any  significant  differences,  major  similarities,  and  notes  of  interest  were 
then  entered  into  the  database. 


5.4  Quantitative  Analysis 

The  present  work  seeks  to  furnish  the  ship  owner/designer  with  a  computer-based  tool 
capable  of  providing  some  familiarity  with  the  similarities  and  differences  between  the 
classification  society  rules.  To  amplify  those  points  in  a  quantitative  manner,  midship 
section  scantlings  were  developed  for  two  commercial  ship  designs  based  on  the  rule 
minimum  scantlings  of  three  classification  societies. 

5.4.1  Design  Process 

The  structural  design  process  for  a  commercial  ship  consists  of  a  series  of  tasks: 

•  Develop  an  initial  set  of  scantlings  based  on  a  structural  configuration,  the 
longitudinal  bending  moment,  and  the  selected  classification  society  rules 

•  Apply  seakeeping  analysis  to  determine  the  environmental  loads 

•  Use  global  and  local  finite  element  analysis  to  verify  the  design’s  strength  and 
refine  the  configuration  and  scantlings 

•  Perform  spectral  fatigue  analysis  of  specific  structural  assemblies  and 
components  to  finalize  the  configuration  and  scantlings 

5.4.2  Design  Tools 

The  major  classification  societies  have  invested  significant  resources  in  the  development 
of  computer-based  tools  for  the  ship  design  community  that  automate  and  integrate  the 
entire  design  process: 

•  ABS  -  SafeHull 

•  LR  -  ShipRight 

•  DNV  -  Nauticus  Hull 

•  GL- Poseidon  ND 

•  NK  -  PrimeShip 

Such  programs  apply  the  rule  requirements  in  a  comprehensive  and  consistent  manner 
with  continuous  transfer  of  design  information  between  successive  steps  in  the  process. 
BIW  obtained  a  copy  of  Poseidon  ND  plus  a  tutorial  on  its  use  from  Germanischer  Lloyd 
to  use  on  the  quantitative  work  to  be  performed.  In  addition,  scantlings  were  also 
developed  to  comply  with  the  ABS  and  DNV  rules.  A  spreadsheet  for  scantling 
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generation  according  to  the  DNV  rules  was  created,  and  a  similar  spreadsheet  was 
created  to  apply  the  ABS  rules. 

5.4.3  Designs 

The  ship  designs  selected  are  both  container  ships  of  equivalent  size  (abt.  1,500  TEU): 

•  BathMax  1500  -  a  high  speed,  twin-screw  design  concept  with  a  slender,  wave¬ 
piercing  hull  form,  shown  in  Figure  5.1 

•  R-  J-  Pfeiffer  -  a  single  screw,  Panamax  design  delivered  to  Matson  Lines  by 
NASSCO  in  1992,  shown  in  Figure  5.2. 


Figure  5.1:  BIW/KMM  BathMax  1500 
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Kern 

BATHMAX  1500 

R  J  PteMfer 

LWL 

248.37  m 

207.81  m 

LBP 

247.80  m 

205.16  m 

Beam 

27.50  m 

32.21  m 

1  Depth 

17.40  m 

20.27  m 

Draft 

9.00  m 

1 1 .58  m 

Block  Coefficient 

0.431 

0.557 

Maximum  Speed 

33.2  kts 

23.5  kts 

fable  5.1:  Ship  Particulars 


These  particular  designs  were  chosen  for  inclusion  in  this  study  because  of  the  timely 
availability  of  the  structural  plans  and  supporting  calculations.  Table  5.1  tabulates  the 
principal  particulars  for  both  designs. 

The  as-designed  structure  for  the  BATHMAX  1500  design  is  the  product  of  a  two-phased 
development  process.  Initially,  the  structural  configuration  featured  sloped  and  canted 
longitudinal  bulkheads  to  maximize  ship  speed  by  minimizing  lightship  weight.  An  initial 
set  of  scantlings  was  generated  by  applying  LR’s  rules.  Later  in  the  design  cycle,  a 
series  of  seakeeping  tests  was  performed  with  a  segmented  ship  model  during  which 
bending  moments  and  shear  forces  were  measured.  The  results  were  extrapolated  to  a 
probability  level  of  10'8  to  predict  long-term,  maximum  hull  girder  loads.  At  the  same 
time,  a  full-ship  FEM  structural  analysis  model  was  built  with  the  structural  configuration 
revised  to  use  vertical  longitudinal  bulkheads.  The  final  scantlings  were  then  determined 
by  applying  the  predicted  maximum  hull  girder  loads  to  the  FEM  model. 

The  structural  design  for  the  R.J.  PFEIFFER  was  an  in-house  effort  by  NASSCO.  The 
resulting  scantlings  comply  with  the  ABS  rules  in  force  at  the  delivery  date  plus  any 
owner  requirements  for  minimum  thicknesses  required  by  Matson  Lines.  The  Pfeiffer  is 
classed  ABS  *  A1  Container  Carrier,  *  AMS,  *  ACCU. 

Attachment  1  shows  the  BATHMAX  1500’s  structural  configuration  at  the  midship 
section.  Considerable  deadrise  produces  a  stepped  tank  top  arrangement.  The  midship 
section’s  structural  arrangement  for  R.J.  PFEIFFER  is  that  of  a  very  conventional 
container  ship  as  indicated  in  Attachment  2. 


5.5  Regulatory  Analysis 

It  was  perceived  that,  within  the  project’s  time  and  budget,  a  comprehensive 
analysis/comparison  of  various  regulations  from  the  international  maritime  governing 
body,  International  Maritime  Organization  (IMO),  and  the  national  regulations  from  the 
Coast  Guard  was  feasible.  This  analysis  proved  to  be  very  time  consuming  and  tedious 
as  the  organization  of  the  Code  of  Federal  Regulations  (CFR),  which  contain  all 
pertinent  U.S.  regulations  to  shipping  and  ships  is  not  a  very  user-friendly  publication. 

This  process  involved  searching  the  CFR’s  and  SOLAS  for  similar  sections.  A  top-level 
reference  index  for  life  saving  equipment  and  fire  safety  systems  was  done  by  matching 
up  applicable  CFR  sections  to  their  SOLAS  counterpart.  In  this  index,  there  are  no 
direct  comparisons,  just  a  matching  of  the  applicable  sections,  and  all  are  matched  to 
the  corresponding  SWBS  number.  The  other  analysis  consisted  of  technically  assessing 
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both  texts  and  making  a  comment  on  any  significant  differences,  similarities,  or  other 
noteworthy  findings.  This  part  is  also  SWBS  categorized  where  feasible. 


6.0  DISCUSSION  of  RESULTS 

6.1  Database  Deliverable 

For  the  project’s  qualitative  analysis  portion,  a  tabular  format  was  used  to  present  the 
results.  One  file  consisting  of  Microsoft  Excel  worksheets  comprises  the  qualitative 
analysis  of  classification  society  rules.  Each  SWBS  group,  from  100  through  600  has  its 
own  worksheet,  and  is  available  by  selecting  the  appropriate  tab  at  the  bottom  of  the 
Excel  screen.  A  database  example  is  shown  in  Figure  6.1 . 


SWBS 

SWBS  Description 

ABS  (baseline) 

DNV 

LR 

CLASS  NK 

Significant  Differences 

506 

Sounding  Tubes 

507 

Auxiliary  and  piping 
designation  and 
markings 

Figure  6.1 

:  Example  format  of  tables  for  qualitative  ana 

ysis 

The  “SWBS”  column  is  simply  the  numbering  system  for  the  Navy’s  Standard  Work 
Breakdown  System,  which  is  numbered  in  main  groups  from  Group  0  through  Group  9. 
In  this  analysis,  only  Groups  1-6  are  included  in  the  study.  Under  each  main  group  is  a 
series  of  numbers  that  relate  to  a  sub  topic. 

The  “Description”  column  is  the  designated  topic  for  the  corresponding  SWBS  number. 
This  topic  can  be  a  system,  a  part,  or  components.  The  level  of  detail  provided  for  a 
specific  topic  may  not  necessarily  be  entailed  in  solely  one  SWBS  number,  or  the 
desired  SWBS  number  may  be  too  general  for  a  specific  item  within  that  SWBS  topic. 
To  remedy  this  situation,  many  rows  in  the  report  have  multiple  entries  for  the  same 
SWBS  number. 

The  following  four  columns  are  the  classification  societies  included  in  the  study.  In  the 
qualitative  analysis’  case,  ABS,  Det  Norske  Veritas,  Lloyd’s  Register,  and  Class  NK  are 
included.  Within  these  cells  is  a  reference  to  the  section  within  the  rules  that  describes 
the  SWBS  element,  a  listing  of  the  topics  covered  in  that  section,  and  any  other 
applicable  comments  of  pertinent  information. 

The  last  column  contains  significant  differences  and/or  similarities  between  the  rules  for 
each  society.  It  can  also  describe  relationships  between  society  rules  and  maritime 
regulations  and  how  the  societies  incorporate  or  otherwise  treat  sources  such  as  IMO. 

To  use,  simply  go  to  the  corresponding  SWBS  number  for  the  topic  of  interest  and  read 
the  entries  in  the  table. 

A  quantitative  analysis  sample  table,  is  shown  in  Figure  6.2, 
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fXFfn!  we 

yiK 

As-Built  or 
As-Designed 

Shell  Plates 

Shell  Longitudinals 

Keel 

"A"  strake 

L7-L9 

L11-L13 

Figure  6 

17.5  mm 

17.5 

320  x  12.0  HP# 

320  x  12.0  HP 

.2:  Example  and 

21.1  mm 

21.1 

340  x  14.0  HP  # 

400  x  14.0  HP 

excerpt  of  table  fo 

18.6  mm  17.0  mm 

17.2  17.0 

280  x  12.0  HP#  300  x  12.0  HP# 

280  x  12.0  HP  320  x  12.0  HP 

r  quantitative  analysis 

The  first  column  entitled  “Member”  is  the  structural  component’s  name  and  the  location  if 
necessary.  Following  the  Member  column  is  the  “Item”  column.  The  Item  column 
contains  the  member’s  applicable  structural  pieces.  The  next  column  is  the  pre¬ 
determined  “As-Built”  or  “As-Designed”  designation.  For  the  Pfeiffer,  this  column  is  “As- 
Built”  and  the  listed  scantling  is  the  actual  scantling  on  the  vessel.  The  BATHMAX  1 500 
column  is  designated  “As-Designed,”  since  these  are  designed  scantlings.  The 
remaining  columns  are  the  calculated  scantlings  for  the  applicable  piece  from  the  listed 
class  societies. 


6.2  Discussion  of  Qualitative  Analysis 

This  analysis  is  meant  solely  for  a  top-level  type  analysis,  and  not  necessarily  to  do 
detailed  design.  The  classification  society  focus  is  still  mainly  on  structural  integrity  and 
safety,  with  the  rest  of  the  ship  systems  and  safety  features  left  largely  to  regulatory 
bodies.  This  being  the  case,  there  are  many  sections  and  topics  where  there  are 
minimal,  insignificant  differences  between  societies,  if  any  at  all.  With  SOLAS  and  IMO 
regulating  much  of  the  safety  aspects,  all  societies  try  to  mold  their  rules  to  meet  these 
regulations,  or  simply  put  the  IMO  text  verbatim  in  the  rules.  Also,  as  mentioned  before, 
the  IACS  Unified  Requirements  sets  the  basis  for  scantling  calculations,  which  drives  the 
societies  toward  more  unity  and  less  differences,  significant  ones  at  least.  There  are 
many  smaller  topics  where  a  society  may  dedicate  rules  to,  where  another  may  not,  but 
good  engineering  practice  and  experience  will  dictate  what  is  done  no  matter  what  the 
classification  society  prints  or  does  not  print.  All  of  the  spreadsheets  are  in  Appendix  2 
at  the  end  of  the  report. 

6.2.1  SWBS  100-  Hull  Structure 

Classification  society’s  number  one  impact-related  topic  is  hull  structure  and  the 
scantlings.  Due  to  the  IACS  factor  in  society  scantling  determination,  many  end  results 
of  major  scantlings  are  close  to  being  the  same.  However,  the  route  a  society  takes  to 
achieve  the  end  result  can  vary  dramatically.  ABS  equations,  in  most  cases,  involve  the 
least  number  of  variables,  and  are  the  most  simple.  DNV,  on  the  other  hand,  usually 
have  the  most  intensive  equations  for  scantlings.  Organizational,  DNV  was  very  well 
organized  and  compact,  having  minimal  references  to  other  sections  and  chapters. 

6.2.2  SWBS  200  -  Propulsion  Plant 

For  large  ticket  items  such  as  marine  engines,  auxiliary  engines,  boilers,  and  other 
‘purchased’  equipment,  designers  are  minimally  impacted  by  classification  society  rules. 
A  designer  is  mainly  concerned  with  proper  selection  of  type-approved  equipment  from 
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vendors  that  will  meet  the  performance  specification.  The  societies  do  play  a  major  role 
in  the  type-approval  process  for  this  equipment,  but  this  is  rarely  dissected  to  the  ship 
designer  level.  This  category  was  difficult  due  to  lack  of  detailed  description  with  the 
SWBS  system  for  the  equipment  and  ship  systems.  A  typical  SWBS  entry  will  consist  of 
“Propulsion  Gas  Turbines.”  This  is  quite  broad.  Classification  societies  have  many, 
many  topics  and  sections  under  Gas  Turbines  that  can  be  compared.  Hence,  one  will 
find  many  sub-entries  under  a  major  SWBS  topic  such  as  described  above.  On  the 
whole,  there  are  minimal  significant  differences  between  societies  in  this  section. 

6.2.3  SWBS  300  -  Electric  Plant 

There  is  an  increasing  reliance  and  shift  toward  commercial  standards  for  shipboard 
electrical  components.  Societies  are  shifting  responsibility  to  organizations  such  as  the 
International  Electrotechnical  Commission  (IEC)  and  the  Institute  of  Electrical  and 
Electronics  Engineers  (IEEE).  Both  of  these  organizations  have  developed  detailed  and 
universally  accepted  standards  for  shipboard  electronics  and  electrical  equipment. 
Throughout  the  society  texts  are  references  to  specific  publications  from  these 
organizations.  While  all  societies  do  have  significant  sections  relating  to  electrical 
engineering,  the  content  is  very  uniform  from  society  to  society.  Many  of  the  emergency 
electrical  power  requirements  are  regulated  by  SOLAS,  and  are  hence  the  same.  Again, 
one  society(s)  may  have  more  on  a  specific  topic  than  another,  for  example,  ABS  is  very 
limited  on  the  information  given  on  the  lighting  distribution  area,  where  other  societies 
state  specific  limitations  on  the  number  of  lighting  points  and  voltages.  There  are  also 
many  vessel-type  specific  rules  for  electrical  plants.  Special  considerations  are  given  to 
chemical,  gas,  oil,  and  passenger  ships.  But  again,  these  special  rules  are  mainly  safety 
related,  and  are  subject  to  SOLAS  regulations,  not  individual  societies. 

6.2.4  SWBS  400  -  Command  and  Surveillance 

This  SWBS  is  heavily  weighted  toward  military/Navy  applications.  The  few  SWBS 
numbers  applicable  to  commercial  construction  are  topics  such  as  radios,  data 
processing,  data  display,  electromagnetic  protection,  exterior  communications,  surface 
radar,  and  interior  communications.  Again,  many  of  these  features  are  seen  as  safety 
features,  and  are  also  regulated  in  part  by  IMO  and  flag  states.  In  a  number  of  cases, 
the  society  has  taken  verbatim  text  from  IMO  regulations  for  their  test.  An  example  is 
the  radio  system  and  the  emergency  procedure  for  the  radio  system.  DNV  simply  uses 
the  applicable  sections  from  the  IMO  GMDSS  Handbook,  whereas  the  other  societies 
make  reference  to  it,  or  summarize  the  GMDSS  text.  The  coverage  by  societies  with 
respect  to  SWBS  topics  is  not  straightforward.  Some  societies  will  talk  to  a  specific 
SWBS  topic,  where  another  may  not.  SWBS  400-type  topics  are  minimally  impacted 
directly  from  the  classification  society,  or  from  the  selection  of  different  societies  from 
ABS. 

6.2.5  SWBS  500  -  Auxiliary  Systems  (need  to  review  and  comment  still) 

As  with  all  the  other  groups,  there  are  minor  differences  in  some  emphasis  of  specific 
topics.  ClassNK  is  more  stringent  in  regard  to  reservoir  capacity  for  compressed  air 
starting  systems  than  the  others,  but  less  detailed  in  an  area  like  hydraulic  fluid  systems 
then  the  others,  where  DNV  and  ABS  are  the  most  in-depth  and  specific.  A  major 
difference  in  this  section  is  with  respect  to  the  Fire  Extinguishing  system  (SWBS  555). 
Lloyd’s  does  not  include  any  fire  extinguishing  protection  text  for  vessels  above  500 
gross  tons.  They  simply  refer  to  SOLAS  for  ALL  the  rules.  All  the  other  societies  include 
text  and  rules  in  their  books  on  this  topic.  Some  differences  exist  in  design  of  rudders 
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and  anchors.  For  example,  ABS  only  allows  stockless  anchors  to  be  considered, 
whereas  the  other  societies  discuss  stocked  and  stockless  anchors.  In  rudder  design, 
LR’s  calculations  for  rudder  scantlings  are  much  more  involved  than  the  other  societies. 
While  the  end  results  will  be  close  to  each  other,  the  other  societies  make  the  calculation 
much  more  basic  and  easy  than  LR.  Also,  there  are  again  many  topics  where  off-the- 
shelf  equipment  would  be  used  and  the  applicable  sections  in  the  rulebooks  may  not 
pertain  to  ship  designer’s  daily  design  activities.  Also,  there  are  many  SWBS  numbers 
in  this  group  which  are  not  influenced  by  the  societies,  but  rather  from  the  regulatory 
bodies.  Group  500  also  includes  many  special  or  Navy-specific  operations  such  as 
submarine  operations,  landing  craft,  and  aircraft  operations,  which  are  not  applicable  to 
commercial  shipping. 

6.2.6  SWBS  600  -  Outfit  and  Furnishings 

With  the  SWBS  organized  and  categorized  the  way  it  is,  classification  societies  do  not 
cover  many  of  the  individual  SWBS  numbers  in  this  group.  Although  items  such  as 
furniture,  messing  spaces,  services  spaces,  and  offices  are  not  covered  by  classification, 
some  reference  to  this  type  of  data  is  available  in  some  of  the  smaller  international 
regulatory  bodies  like  the  International  Labour  Conference  which  sets  regulations 
regarding  crew  accommodations  and  general  living  conditions,  and  also  falls  under  the 
IMO  umbrella.  Topics  covered  by  classification  societies  are  similar  in  this  section. 

Some  societies  will  cover  a  topic,  whereas  one  will  not  however.  An  example  of  this  is 
SWBS  613  (Rigging  and  Canvas).  DNV  has  a  dedicated  section  entitles  “Masts  and 
Rigging,”  where  ABS  has  no  reference  to  either  in  it’s  main  class  rules.  LR  and  NK  have 
some  references  to  cargo  rigging  and  masts,  but  also  many  references  to  special  books 
for  lifting  appliances  and/or  cargo  handling  equipment  that  includes  rigging  and  cargo 
protection. 


6.3  Discussion  of  Quantitative  Analysis 

Attachment  3  tabulates  the  minimum  rule  scantlings  for  BATHMAX  1 500  plus  the  “as- 
designed”  final  scantlings,  while  Attachment  4  does  the  same  for  the  R.J.  PFEIFFER, 
except  that  the  final  scantlings  are  the  “as-built”  sizes.  These  scantlings  were  obtained 
by  application  of  each  society’s  rules  for  local  strength  requirements.  Since  global 
strength  requirements  were  not  considered  in  sizing  these  members;  the  resulting 
scantlings  should  be  considered  as  a  first  attempt  to  satisfy  the  class  requirements. 
Comparing  the  sizes  of  a  component  could  give  some  insight  into  the  demands  of  each 
of  the  society’s  prescriptive  rules  for  that  component  if  there  were  enough  examples 
available  to  make  a  valid  comparison.  However,  in  the  present  instance,  the  sample  size 
(two  designs)  is  probably  too  small  to  be  statistically  significant.  Also,  Finite  Element 
Analysis  has  guided  scantling  design  in  recent  years.  A  particular  scantling  may  be 
reduced  to  that  below  the  rulebook  formula  result  if  the  proper  analysis  deems  it  is  not 
necessary. 

One  key  observation  that  was  made  is  that  DNV  has  a  dynamic  component  to  the  sea 
pressure  load  applied  to  bottom  structure.  The  dynamic  component  increases  as  draft 
decreases.  This  causes  a  ship,  like  the  BATHMAX  1500,  with  considerable  deadrise  to 
have  unusually  thick  bottom  plate  scantlings. 

The  next  step  in  scantling  development  is  satisfaction  of  the  class  requirements  for 
global  strength;  this  part  of  the  process  was  performed  for  both  designs  using  GL’s 
Poseidon  ND  program.  To  meet  rule  requirements  for  moment  of  inertia  and  section 


Bath  Iron  Works  -  A  General  Dynamics  Company 


13 


NSRP  #6-96-1 


11/01/00 


moduli  for  the  midship  section,  the  ability  to  perform  scantling  size  iteration  is  needed. 
Such  a  capability  could  not  easily  be  built  into  the  spreadsheets  that  were  developed  to 
size  the  minimum  scantlings  for  the  ABS  and  DNV  rules;  however,  the  GL  program  could 
be  used  to  permit  manual  scantling  iteration  in  an  efficient  manner. 

The  maximum  value  of  still  water  vertical  bending  moment  amidships  due  to  a  wide 
range  of  loading  cases  is  known  for  both  designs;  this  value  could  be  used  in  lieu  of  the 
GL  rule  minimum  value.  Since  the  BATHMAX  1500  employs  an  unconventional  hull 
form,  a  series  of  seakeeping  model  tests  were  performed  to  gather  the  data  needed  to 
predict  a  long-term  maximum  value  of  wave  vertical  bending  moment  amidships  for  the 
ship’s  intended  route.  This  value  was  used  for  the  BATHMAX  1500,  while  the  GL  rule 
value  for  the  minimum  vertical  wave  bending  moment  was  used  for  the  R.J.  PFEIFFER. 
The  entire  procedure  and  its  results  are  documented  in  Appendix  9.1. 

Finally,  Table  6.1  lists  the  steel  weight  per  unit  length  of  the  midship  section’s 
longitudinally  continuous  material  for  both  designs.  The  “Minimum  Scantlings” 
configuration  refers  to  the  rule  minimum  scantlings  for  each  of  the  societies.  The 
“Longitudinal  Strength”  configuration  means  that  the  scantlings  satisfy  both  the  rule 
minimum  and  global  longitudinal  strength  requirements.  The  “As  Built”  configuration  for 
R.J.  PFEIFFER  refers  to  the  actual  ship,  which  meets  all  ABS  requirements  in  force  at 
the  delivery  date  (1992).  As  can  be  seen,  there  are  no  trends  that  can  be  confidently 
stated.  ABS  is  the  lightest  for  the  BATHMAX,  but  not  for  the  Pfeiffer.  Perhaps,  a  better 
picture  can  be  drawn  from  the  Pfeiffer,  a  more  conventional  vessel.  In  the  Pfeiffer,  the 
societies  are  similar  for  weight  per  meter.  For  an  approximately  200-meter  vessel,  this 
equates  to  over  400  metric  tons  between  DNV  and  GL. 


Weight  of  Longitudinal  Material 

Configuration 

i  ABS  / 

DNV 

GL  $&r-. 

-P-: 

BATHMAX  1500 

Minimum  Scantlings 
Longitudinal  Strength 

18.31  t/m 

n/a 

20.52  t/m 

n/a 

21.21  t/m 

37.04 1 

R.J.  PFEIFFER 

Minimum  Scantlings 
Longitudinal  Strength 

As-Built 

25.84  t/m 

n/a 

29.41  t 

-  i 

26.34  t/m 

n/a 

n/a 

24.82  t/m 

26.21  t 

n/a 

Table  6.1:  Steel  Weight  Per  Unit  of  Midship  Section  Longitudinally 


6.4  Discussion  of  Regulatory  Analysis 

Much  progress  has  been  made  in  the  past  to  consolidate  the  international  and  domestic 
regulations  as  possible.  The  United  States  and  Coast  Guard  have  areas  not  covered  by 
IMO  regulations,  areas  where  they  strongly  feel  additional  regulation  or  guidance  is 
necessary.  IMO  also  has  some  regulations  not  addressed  in  the  CFR’s.  The  CFR’s 
also  reference  IMO  regulations  when  applicable. 

One  topic  of  interest  is  the  vast  number  of  regulations  dependant  upon  the  specific  type 
and  trade  of  the  vessel.  As  is  the  same  with  the  classification  societies,  there  are  main 
class  regulations,  applicable  to  all  vessels,  along  with  large  amounts  of  supplement 
regulations  pertaining  to  specialized  vessels. 
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The  CFR’s  are  organized  into  four  main  parts.  The  first,  and  largest  part,  are  the  Coast 
Guard  and  Department  of  Transportation  regulations  pertaining  to  shipping.  The  second 
are  regulations  from  MARAD  which  address  ports,  financing,  national  emergencies,  and 
the  like.  Parts  400-499  are  applicable  to  Great  Lakes  Pilotage  from  the  USCG.  The 
final  section  is  from  the  Federal  Maritime  Commission,  which  is  involved  in  addressing 
foreign  maritime  matters  and  foreign  commerce.  The  focus  of  this  study  stayed  in  the 
USCG  section,  which  includes  topics  of  interest  such  as  load  lines,  marine  engineering, 
different  vessel  types,  electrical  engineering,  manning,  equipment,  materials, 
subdivision,  stability,  lifesaving  arrangements,  etc. 

As  displayed  in  the  safety  related  index  (Appendix  9.1 .1 1),  the  CFR’s  have  many  more 
sections  relating  to  a  topic  than  does  SOLAS.  One  thing  this  displays  is  an 
organizational  difference  in  the  layout  of  the  texts.  It  also  shows  the  repetition  within  the 
CFR’s.  The  CFR’s  may  have  a  paragraph  on  line-throwing  appliances  in  four  different 
parts.  This  spans  from  lifesaving  appliances,  materials  and  construction,  to  individual 
vessel  type  requirements.  SOLAS  is  much  more  compact  and  condense,  although  more 
vague  in  many  aspects  than  the  CFR’s.  This  impact  is  a  matter  of  opinion  to  the  user.  It 
may  provide  problems  in  that  more  ambiguity  leads  to  less  direction  in  design,  or  too 
much  regulation  and  information  can  lead  to  an  overload  and  design  restriction.  Overall, 
SOLAS  condenses  topics  into  single  sections,  where  the  CFR’s  spread  out  the 
information  about  a  topic  into  many  sections,  but  provides  much  more  detail. 

Many  calculations  for  specific  items,  such  as  bilge  main  diameters,  are  essentially  the 
same,  although  the  CFR’s  are  based  in  the  English  system,  where  as  SOLAS  is  metric. 
This  causes  minor  differences  in  the  final  answer,  but  nothing  significant.  CFR’s  are 
more  stringent  in  some  areas  such  as  markings  and  placards,  more  in-depth 
communications,  and  noise  protection.  There  are  also  sections  where  one  organization 
addressed  the  topic  and  the  other  did  not,  although  it  may  be  hidden  within  another 
section  and  not  recognized.  Where  it  was  deemed  applicable,  a  SWBS  number  was 
matched  up  to  the  topic.  Since  many  of  these  topics  are  directly  unrelated  to  SWBS 
numbers,  many  are  blank.  SWBS  categories  do  not  breakdown  to  the  level  of  detail 
desired  for  such  safety-related  ship  design  topics. 


7.0  FINDINGS 

As  with  any  research  activity,  it  is  worthwhile  to  recall  steps  and  try  to  learn  from  these 
problems  for  future  activities  and  as  insight  to  the  eventual  outcomes  in  the  project. 

7.1  Statement  of  Work 

As  with  many  research  and  development  projects,  a  concise  definition  is  not  always 
readily  available,  and  many  changes  and  lessons  learned  along  the  process  can  change 
such  definitions  of  work  and  objectives.  Included  in  the  original  scope  of  work  was  to 
define  the  problem  and  tasks.  The  panel  was  receptive  to  BIW’s  suggestions  for 
definition  of  work  and  vision.  Eventually,  a  final  scope  of  work  was  defined  and  BIW 
proceeded  with  the  project. 

7.2  Tools  and  Training 

Even  when  available,  effective  and  efficient  application  of  Computer  Aided  Engineering 
(CAE)  tools  can  be  difficult  without  proper  training.  Industry  must  take  the  initiative  to 
actively  engage  in  product  evaluation  and  research  to  find  products  that  meet  their 
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needs.  A  dedicated  effort  must  also  be  made  to  properly  train  and  maintain  a  core¬ 
competency  in  that  program  in-house  to  maintain  productive  use  and  output  from  the 
tool. 

For  these  reasons,  programs  that  require  considerable  user  interaction  to  solve  complex, 
multi-faceted  problems  such  as  those  authored  by  the  classification  societies  for  ship 
structural  design,  demand  that  the  practitioner  receive  a  sufficient  amount  of  hands-on 
training  by  an  experienced  user. 

7.3  Available  Designs 

Two  container  ship  designs  were  selected  for  the  quantitative  analysis  portion  of  this 
project.  Perhaps  some  variation  in  ship  type  would  have  been  preferable,  but  no  other 
examples  were  available  to  BIW  for  use  in  this  project.  Concerns  for  “proprietary 
information”  removed  several  other  commercial  designs  from  consideration.  This  is  also 
impacted  by  limited  newbuildings  in  the  past  decade  within  the  U.S. 

7.4  Work  Breakdown  Structures 

An  early  decision  in  the  Ship  Designers’  Handbook’s  development  was  the 
organizational  structure  of  the  classification  society  rule  entries.  The  means  by  which 
the  rule  data  is  accessed,  the  index,  is  critical  to  the  usability  of  the  Handbook  so  it  was 
important  to  the  project  team  that  the  breakdown  structure  be  familiar  to  American  ship 
designers.  The  original  RFP  and  proposals  suggested  that  the  US  Navy  Shipwork 
Breakdown  Structure  (SWBS)  or  the  US  Maritime  Administration  structure  be  used. 
Because  of  its  wide  acceptance  in  this  country  due  to  current  emphasis  on  Navy 
projects,  the  SWBS  was  chosen. 

One  of  the  project’s  key  findings  is  that  the  US  Navy  SWBS,  while  widely  familiar  among 
American  shipyards,  is  not  well  suited  to  commercial  design  work  or  to  modern 
production  processes.  The  SWBS  is  an  effective  organizational  tool  for  data  such  as 
specifications  or  weight  for  shipboard  components  and  systems  at  a  functional  level 
only.  For  example,  SWBS  521  contains  the  data  associated  with  firemain  systems,  and 
SWBS  121 ,  transverse  bulkheads.  Current  shipbuilding  products  are  oriented  toward 
geographic  sections  of  the  ship  like  design  zones,  blocks,  and  units,  rather  than 
shipwide  systems  or  discrete  components. 

Bath  Iron  Works  has  significant  experience  with  the  development  and  application  of  work 
breakdown  structures  (WBS)  for  ship  design  and  building  projects.  From  the 
Commercial  Shipbuilding  Focused  Development  Project  of  1993  -  1996  BIW  designers 
and  engineers  learned  that  world  class  commercial  shipbuilders  use  a  WBS  that  is  more 
customer  and  production-friendly  than  the  Navy  SWBS.  Exposure  to  the  processes  of 
Kvaerner  Masa  Yards  in  Finland  and  Mitsui  Engineering  and  Shipbuilding  in  Japan 
revealed  that  the  WBS  at  each  of  these  yards  reflects  both  the  priorities  of  the  customer 
in  terms  of  concern  for  the  cargo,  and  the  emphasis  on  efficient  construction. 

Discussion  at  the  23  August  2000  NSRP  project  review  on  the  issue  of  SWBS  included  a 
suggestion  that  the  Norwegian  SFI  (Skipsteknisk  Forsknings  Institutt)  Group  System  be 
used. 

In  all  of  the  WBS  systems  referenced,  a  group  is  defined  to  comprise  all  the  ship 
systems  that  support  the  cargo  or  payload.  Furthermore,  recognizing  that  the  cargo  is  of 
utmost  importance  to  the  shipowner,  that  group  of  the  WBS  is  presented  near  the 
beginning,  so  the  owner  can  readily  locate  data  relative  to  the  cargo. 
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The  ship  subsystem  groups,  what  in  Navy  parlance  have  come  to  be  known  as  H,M,  and 
E  systems,  follow  the  cargo  or  payload  system  group.  While  not  usually  evident  at  the 
top  level,  these  groups  are  subdivided  by  the  ships’  geographic  area  more  than  by 
system,  i.e.,  forebody  structure,  machinery  space  piping,  etc.  Responsibility  for  building 
can  then  be  appropriately  assigned  in  the  yard  to  production  personnel.  In  addition, 
design  and  construction  costs  can  be  collected  on  a  product  basis. 

An  example  of  a  typical  world  class  commercial  WBS  is  included  below  in  Table  7.1  in 
order  to  illustrate  this  concept. 


WBS 

Title 

1.0 

Ship 

Architecture 

2.0 

Cargo  Systems 

3.0 

Hull  Structure 

4.0 

Outfit 

5.0 

Machinery 

6.0 

Electrical 

7.0 

Preservation 

Table  7.1:  World  Class  Commercial  WBS  Example 


7.5  Recommendations  for  Further  Work 

As  with  any  project,  debate  and  discussion  on  topics  and  activities  that  should  be 
investigated  are  initiated.  This  project  is  no  different,  as  both  the  panel  and  BIW, 
recognized  areas  where  follow-on  work  or  new  initiatives  can  be  taken  to  task  in  the 
future  as  a  result  of  this  project. 

It  is  recognized  that  there  are  international  commercial  WBS  that  are  marine  specific  and 
are  slanted  for  commercial  ships  and  construction.  The  mentioned  BIW  experience  with 
world  class  commercial  WBS  fueled  ideas  that  are  possible  avenues  for  future 
development  in  the  WBS  area  for  the  U.S.  It  would  be  a  worthwhile  venture  to  either 
fund  a  exploration  or  trade-off  study  on  current  work  breakdown  structures  in  the 
international  market,  or  to  develop  a  new  U.S.  standard  commercial  breakdown 
structure. 

Another  topic  raised  was  the  difficulty  in  using  the  CFR’s.  The  CFR’s  are  a  maze  of 
books,  headings,  and  sub-headings.  CFR  compliance  being  a  major  aspect  of  U.S.  ship 
design,  construction,  and  operation,  it  would  be  useful  to  have  a  more  concise  and  user- 
friendly  interface,  ideally  electronic  and  portable.  The  Government  Printing  Office  (GPO) 
does  have  online  CFR  search  capabilities  (http://www.access.gpo.gov/nara/cfr/cfr-table- 
search.html),  which  is  a  useful  tool.  However,  for  many  designers,  and  operators,  a  fast, 
reliable  Internet  connection  may  not  be  possible.  Having  a  CD-ROM  collection  and  or 
interactive  program  to  perform  searches,  accessing,  and  printing  of  the  regulations  that 
could  be  used  on  any  PC  whether  it  is  shipboard  or  in  engineering  offices  would  provide 
much  value  to  the  industry.  The  GPO  does  offer  “electronic”  versions  of  the  CFR’s,  but 
the  price  was  very  high  ($1 1 5.00  for  a  single  part  of  a  title,  or  $23,000  for  a  one-year 
subscription)  and  the  format  was  ASCII  on  3.5  floppy  disks,  not  CD-ROMs. 

The  conclusions  and  comparisons  with  respect  to  the  quantitative  structural  analysis  can 
be  greatly  expanded  and  become  significant  with  the  inclusion  of  many  more  vessels. 
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This  should  include  a  spectrum  of  vessel  types  and  general  sizes.  Including  more 
“standard”  ships  to  a  similar  study  will  clearly  identify  confident  trends  and  differences  in 
structural  theory  between  societies,  and  this  can  be  expanded  to  trends  for  different  ship 
types  and  between  ship  types  and  the  like. 

7.6  Software  Evaluations 


7.6.1  Germanischer  Lloyd  Poseidon  ND  2.0 

Germanischer  Lloyd’s  Poseidon  is  Windows  based  and  very  graphical.  It  is  a 
preliminary  design  tool  that  requires  minimal  knowledge  of  finite  element  techniques. 
There  are  two  parts  to  Poseidon,  one  being  a  scantling  calculation  based  on  GL  rules 
and  first  principles.  This  is  then  directly  analyzed  within  the  program  from  the  built-in 
finite  element  techniques.  Users  must  still  complete  a  preliminary  configuration  of  the 
structure,  but  scantlings  are  not  necessary,  the  program  will  develop  them.  Quick 
turnaround  between  FE  analysis  and  design  changes  is  possible  with  this  program. 

7.6.2  ABS  Rules  on  CD-ROM 

ABS  publishes  a  CD-ROM  that  includes  their  “Rules  for  Building  and  Classing  Steel 
Vessels.”  This  CD-ROM  contains  all  parts  in  the  SVR2000.  The  format  is  Adobe 
Acrobat  Reader  interface.  Advanced,  filtered  search  options  are  extremely  limited  with 
this  approach,  but  keyword  searches  can  be  performed  within  the  Acrobat  Reader 
program.  Selected  pages  can  be  printed,  but  text  cannot  be  cut  from  the  Acrobat 
Reader  and  pasted  to  other  Applications.  The  files  are  linked  and  interactive.  Clicking 
on  references  and  sections  from  main  pages  will  automatically  take  one  to  the  clicked 
destination.  This  CD-ROM  is  included  if  a  full  set  of  hardcopy  rules  are  purchased.  It  is 
also  available  individually  for  purchase. 

7.6.3  IMO-Vega  Database  6.0 

This  joint  IMO-DNV  developed  database  includes  up  to  date  IMO  regulations  and 
relevant  national  requirements  from  a  number  of  flag  states.  The  IMO-Vega  database 
also  includes  historical  data  that  is  helpful  for  operators  of  older  ships  that  may  not  fall 
under  the  latest  regulations.  Certain  IMO  publications/regulations  are  not  included  in  the 
Vega  database.  Regulations  not  included,  but  available  from  IMO  in  electronic  programs 
are  the  International  Maritime  Dangerous  Goods  (IMDG)  Code,  IMO  Resolutions,  and 
the  GMDSS  Handbook.  Most  all  other  IMO-based  regulations  are  included  in  Vega. 

The  interface  is  useful  and  easy  to  use.  The  user  can  initially  input  ship  characteristics, 
which  will  filter  in  only  the  applicable  regulations.  This  program  is  available  for  single 
computers  or  network  systems.  An  update  procedure  is  also  available  for  purchase. 

7.6.4  Lloyd’s  Register  Rulefinder  8.0 

Lloyd’s  Rulefinder  software  is  an  interactive  program  that  allows  the  user  to  input  the 
vessel’s  known  characteristics  up  front  which  will  automatically  filter  out  unnecessary 
rules  and  regulations.  The  program  is  Windows  based  and  is  user-friendly.  It  also 
allows  the  user  to  designate  what  “type”  of  user  they  are,  for  example,  a  designer, 
operator,  or  surveyor,  can  be  designated  and  the  program  will  tailor  output  to  suit  the 
needs  of  that  person.  Rulefinder  includes  the  Lloyd’s  Register  Rules’  latest  edition  for 
Classification  of  Steel  Ships,  along  with  relevant  statutory  regulations  (IMO).  Although 
ALL  IMO  regulations  are  not  included,  a  large  number  are.  Browsing  is  easily  done  with 
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word  search,  book  search,  and  the  like.  Your  characteristics  for  a  particular  vessel  can 
be  saved  and  recalled  for  later  sessions. 

7.6.5  ClassNK  Technical  Rules  &  Guidances  on  CD-ROM 

Nippon  Kaiji  Kyokai  makes  a  CD-ROM  of  their  Technical  Rules  and  Guidance  available 
for  purchase.  The  format  is  much  like  that  of  ABS’s  Adobe  Reader  configuration. 
However,  NK  uses  a  browser  called  DynaText  for  their  configuration.  The  DynaText 
program  is  included  on  the  CD-ROM  and  can  be  installed  on  your  machine.  The  format 
is  quite  useful  as  cutting-pasting,  searching,  linking,  bookmarking,  and  annotating 
features  are  present  in  the  DynaText  system.  This  allows  one  to  add  their  own  editorial 
notes  on  a  specific  item  from  the  rules,  or  make  links  for  easy  bookmarks. 


8.0  CONCLUSIONS  and  RECOMMENDATIONS 

When  taking  all  the  topics  covered  by  the  base  class  society  rules  as  a  whole,  the  major 
significant  differences  are  quite  minimal.  Even  in  dividing  the  rules  into  two  major  parts 
(structure  and  systems/machinery)  the  differences  are  not  significant  enough  to  warrant 
major  design  changes.  With  the  IACS  Unified  Requirements’  emergence  and  continuing 
evolution  of  dependence  of  FEM-type  structural  analysis,  and  IMO  regulations,  the 
underlying  basis  for  almost  all  class  society  rules  are  the  same.  For  structural  items, 
IACS  sets  the  minimum  longitudinal  strength  standards.  This  is  the  building  block  for  the 
remainder  of  the  ship’s  structure.  With  this  being  the  same  minimum  for  all  societies,  the 
entire  structure  will  fall  into  place  and  be  similar  on  the  whole.  IACS  also  developed 
universal  requirements  for  topics  such  as  use  of  specific  steels  for  specific  hull 
members,  loading  information,  steel  casings,  machinery  space  fire  protection,  and 
shafting  requirements.  Again,  with  these  across  the  board  requirements,  it  is  difficult  for 
class  societies  to  deviate  much  from  the  prescribed  requirement.  A  society  may  put  in 
minor  additions  to  complement  the  IACS  requirement  based  on  their  assessment  and 
history  regarding  these  topics,  but  the  basis  remains  the  same.  Larger  than  IACS  in  a 
matter  of  speaking  are  the  IMO  requirements,  which  strongly  drive  a  large  portion  of  the 
systems  and  safety  aspects  of  a  vessel.  Many  emergency  systems,  electrical  systems, 
fire-fighting  systems  are  directly  taken  from  IMO  texts  such  as  SOLAS.  For  specialized 
vessels  such  as  Oil  Tankers,  the  class  society  rules  will  simply  reference  the  IMO  texts. 
Many  class  societies  state  up  front  that  their  written  rules  will  meet  all  applicable  IMO 
regulations,  which  again,  causes  the  base  of  many  topics  to  be  the  same,  and  not 
governed  by  the  individual  society. 

For  shipbuilders  and  design  firms  to  make  investments  in  the  latest  design  tools  from  the 
U.S.  and  abroad  is  a  major  step  toward  increasing  U.S.  capability  and  productivity  in  the 
design  and  construction  process.  Simply  buying  these  tools  is  not  enough.  Money  must 
be  spent  training  individuals  and  maintaining  that  capability  in-house.  The  selection  of 
such  tools  must  be  performed  on  a  case-by-case  basis  by  the  individual  yard  or  firm. 
Different  software  packages  offer  many  of  the  same  capabilities  along  with  many 
specialized  capabilities.  Software  programs  such  as  the  IMO  Vega  database  can  be  an 
important  tool  for  any  yard  or  firm  committed  to  commercial  design  and  construction. 

This  is  not  class  society  specific,  but  includes  the  vast  array  of  IMO  regulations 
regarding  all  vessels  in  all  waters.  It  is  a  much  more  efficient  process  over  thumbing 
through  the  numerous  books  that  incorporate  the  IMO  regulation  umbrella.  Class 
societies  like  Lloyd’s  Register  and  their  Rulefinder  software  take  the  IMO  Vega  even 
farther  in  the  fact  that  it  incorporates  their  class  rules  with  IMO  regulations.  However, 
the  Rulefinder  IMO  portion  is  not  as  in-depth  as  the  IMO  Vega  program  however.  All 
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societies  offer  an  electronic  version  of  their  base  rules  that  include  search  features  that 
can  facilitate  quicker  traversing  through  the  rules. 

Bath  Iron  Works  has  gained  valuable  experience  in  the  realm  of  classification, 
classification  requirements,  and  regulatory  bodies  and  how  they  all  interact  together  to 
get  a  vessel  to  sea.  With  the  current  shift  in  Navy  and  military  toward  commercial 
standards  and  standardization,  societies  like  ABS  will  become  important  participants  in 
the  design  and  construction  of  Navy  vessels  from  auxiliaries  to  combatant  vessels  in  the 
future.  DNV  has  published  their  rules  for  Naval  Surface  Craft,  and  ABS  has  such  a 
publication  in  the  works  right  now.  The  trend  toward  using  class  societies  in  naval 
construction  makes  it  imperative  that  shipyards,  regardless  of  their  business  base, 
become  familiar  with  classification  society  rules.  Also,  groups  within  Bath  Iron  Works, 
and  other  companies  within  the  General  Dynamics  Marine  family  are  actively  involved  in 
commercial,  classed  designs.  With  the  future  vision  of  an  increase  in  U.S.  designed, 
built,  and  manned  vessels,  this  knowledge  base  will  be  more  important  toward 
strengthening  the  U.S.  shipbuilding  industry  as  a  whole. 

With  the  trend  in  classification  societies  becoming  subject  matter  “experts”  with  respect 
to  a  certain  type  of  vessel,  it  may  be  possible  to  have  a  customer  approach  a  U.S.  yard 
with  a  concept  for  a  vessel  that  they  require  a  class  society  other  than  ABS.  All  major 
classification  societies  have  U.S.  offices  stationed  in  strategic  locations,  so  its  feasible  to 
obtain  the  advice  of  foreign  societies  early  in  a  design  to  be  classed  to  that  society. 
Having  a  point  of  initial  reference  to  foreign  societies  is  a  first  step  that  must  be  taken  to 
ensure  time  and  money  savings  later  in  the  design  process.  These  savings  can  be 
present  in  avoiding  either  paying  outside  contractors  or  significant  internal  ramp-up  time 
when  neither  may  be  necessary  if  the  class  rules  between  societies  are  basically  the 
same.  Also  this  report  provides  designers,  students,  and  managers,  who  are  unfamiliar 
with  the  classification  and  regulation  “choices”  to  gain  an  understanding  of  the  process 
and  the  way  they  are  heading  in  the  future. 
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9.1.3  BATHMAX  1500  Scantlings 


BATHMAX  1500  Scantlings 

Member 

Kern 

-  As-Designed 

ABS 

DNV 

GL 

Shell  Plates 

"A"  strake 

32.0  mm  # 

20.3  mm# 

18.9  mm  # 

21.0  mm  # 

"B"  strake 

32.0# 

20.3# 

12.6# 

20.0# 

"C"  strake 

24.0# 

20.3# 

12.6# 

15.0# 

"D"  strake 

22.0 

20.3 

12.6 

24.0 

"E"  strake 

22.0 

20.3 

12.6 

19.5 

"F"  strake 

20.0 

20.3 

12.6 

15.5 

"G"  strake 

20.0 

20.3 

12.6 

15.5 

"H"  strake 

22.0 

16.1 

15.0 

16.0 

strake 

35.0 

16.1 

15.0 

26.5 

'J"  strake 

45.0# 

13.7# 

19.1  # 

14.5# 

’K"  strake 

45.0# 

13.7# 

19.1  # 

10.5# 

i  Shell  Longitudinals 

L1-L5 

450x20.0x250x30.0  T  # 

265x33.0  WT# 

200x26.5  WT# 

300x12.0  HP# 

L7-L9 

320x12.0  HP# 

340x14.0  HP# 

280x12.0  HP# 

300x12.0  HP# 

L1 1 -LI  3 

320x12.0  HP 

400x14.0  HP 

280x12.0  HP 

320x12.0  HP 

L15-L22 

300x12.0  HP 

320x12.0  HP 

300x11.0  HP 

320x12.0  HP 

L24-L29 

300x12.0  HP 

320x12.0  HP 

370x15.0  HP 

240x12.0  HP 

L31-L33 

300x12.0  HP  # 

320x12.0  HP  # 

430x15.0  HP# 

240x14.0  HP# 

L34-L35 

400x35.0  FB  # 

400x30.0  FB  # 

400x30.0  FB  # 

180x9.0  HP# 

Weather  Deck 

Plate 

50.0# 

6.1  # 

7.6# 

12.0# 

Longitudinals 

400x35.0  FB  # 

150x7.0  FB# 

100x7.0  FB# 

140x9.0  HP# 

i  Second  Deck 
(13.08  m  ABL) 

Plate 

32.0# 

10.4# 

7.1  # 

11.0# 

1 

Longitudinals 

280x12.0  HP# 

140x7.0  HP# 

100x6.0  HP# 

240x12.0  HP# 

Tank  top 
(7.82  m  ABL) 

Plate 

14.0 

7.7 

11.9 

9.0 

Longitudinals 

280x12.0  HP 

160x7.0  HP 

370x13.0  HP 

220x11.0  HP 

Tank  top 
(5.19  m  ABL) 

F’late 

20.0 

7.7 

13.0 

19.0 

Longitudinals 

300x12.0  HP 

340x14.0  HP 

370x13.0  HP 

280x12.0  HP 

Tank  top 
(2.56  m  ABL) 

Plate 

20.0 

7.7 

12.9 

22.0 

Longitudinals 

320x12.0  HP 

180x16.5  WT 

370x13.0  HP 

320x12.0  HP 

Longitudinal  Bulkhead 
(CL) 

Plate 

24.0# 

16.0# 

11.7# 

12.0# 

Longitudinals 

320x12.0  HP  # 

230x26.0  WT  # 

300X12.0  HP  # 

280x12.0  HP  # 

Longitudinal  Bulkhead  i 
(3.725  m  off  CL) 

Plate  1 

24.0  # 

16.0# 

11.6# 

10.0# 

Longitudinals  1 

320x12.0  HP# 

230x26.0  WT  # 

155x12.0  WT# 

140x9.0  HP# 

Plate  2 

16.0 

8.2 

14.0 

9.6 

Longitudinals  2 

320x12.0  HP 

400x35.0  FB 

400x35.0  FB 

200x12.0  HP 

Longitudinal  Bulkhead  ( 
(6.208  m  off  CL) 

Plate 

16.0 

16.0 

17.5 

12.5 

.ongitudinals 

320x12.0  HP 

205x23.0  WT 

265x37.0  WT 

300x12.0  HP 
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!  Longitudinal  Bulkhead 
|(8.691  m  off  CL) 

Plate  1 

16.0 

7.6 

14.0 

7.5 

Longitudinals  1 

300x12.0  HP 

280x11.0  HP 

180x9.0  HP 

140x9.0  HP 

Plate  2 

16.0 

7.6 

14.0 

15.5 

Longitudinals  2 

280x12.0  HP 

280x1 1.0  HP 

180x9.0  HP 

220x1 1.0  HP 

i  Longitudinal  Bulkhead 
;  (11.450  m  off  CL) 

Plate  1 

14.0 

8.2 

19.0 

12.0 

Longitudinals  1 

280x12.0  HP 

260x12.0  HP 

200x9.0  HP 

220x13.0  HP 

Plate  2 

22.0 

7.6 

11.0 

16.0 

Longitudinals  2 

280x12.0  HP# 

260x12.0  HP 

300x14.0  HP 

320x12.0  HP 

Plate  3 

45.0# 

7.2# 

11.0# 

9.0# 

Longitudinals  3 

400x35.0  FB  # 

260x12.0  HP# 

260x12.0  HP# 

160x10.0  HP# 

Hatch  Coaming 

Plate 

45.0# 

11.0# 

11.0# 

11.0# 

Longitudinals 

400x35.0  FB  # 

100x10.0  FB# 

150x10.0  FB  # 

80x5.0  HP  # 

Hatch  Coaming  Top 

Plate 

50.0# 

11.0# 

11.0# 

11.0# 

Longitudinals 

300x20  FB  # 

100x10.0  FB# 

150x10.0  FB# 

120x6.5  HP# 

#  denotes  High  Tensile  Steel 
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9.1.4  R.J.  PFEIFFER  Scantlings 


R.J.  PFEIFFER  Scantlings 

Member 

item 

As-Built  . 

ABS 

iiBWMPn  rsB 

Shell  Plates 

Keel 

17.5  mm 

21.1  mm 

18.6  mm 

17.0  mm 

"A"  strake 

17.5 

21.1 

17.2 

17.0 

"B"  strake 

17.5 

21.1 

17.2 

17.5 

"C"  strake 

17.5 

21.1 

17.2 

18.5 

"D"  strake 

17.5 

21.1 

17.2 

18.0 

"E"  strake 

17.5 

21.1 

17.2 

14.5 

"F"  strake 

17.5 

21.1 

17.2 

14.5 

"G"  strake 

17.5 

21.1 

17.5 

14.0 

"H"  strake 

17.5 

21.1 

17.5 

14.0 

i  "1"  strake 

17.5 

21.1 

17.5 

14.0 

"J"  strake 

17.5 

21.1 

17.5 

17.0 

"K"  strake 

17.5 

21.1 

:  1 7.5 

17.5 

"L"  strake 

28.6# 

14.6# 

22.4# 

14.5# 

"M"  strake 

28.6  # 

14.6# 

22.4# 

15.0# 

Shell  Longitudinals 

L1-L3 

245x12.7x127x15.9  T# 

265x33.0  WT# 

230x30.0  WT  # 

260x10.0  HP# 

L5-L6 

270x12.7x127x15.9  T  # 

265x37.0  WT# 

230x30.0  WT# 

280x1 1.0  HP# 

L8-L9 

270x12.7x127x15.9  T# 

265x37.0  WT# 

230x30.0  WT  # 

280x11.0  HP# 

L1 1 -LI  2 

270x12.7x127x15.9  T# 

265x37.0  WT# 

230x30.0  WT# 

280x11.0  HP# 

L14-L17 

270x12.7x127x15.9  T# 

265x37.0  WT# 

230x30.0  WT# 

260x10.0  HP# 

L19-L21 

270x12.7x127x15.9  L# 

265x37.0  WT# 

203x102x19.0  L# 

260x11.0  HP# 

L23-L29 

203x152x15.9  L# 

203x102x19.0  L# 

203x152x25.4  L  # 

260x1 1.0  HP# 

L30-L31 

178x102x12.7  L# 

203x102x19.0  L# 

203x152x25.4  L# 

200x11.0  HP# 

L32-L34 

178x102x9.5  L# 

203x102x19.0  L# 

203x152x25.4  L# 

200x9.0  HP  # 

L36-L38 

304x25.4  FB  # 

400x30.0  FB  # 

400x30.0  FB  # 

380x22.0  FB  # 

Weather  Deck 

Plate 

28.6# 

16.5# 

8.7# 

17.0# 

Longitudinals 

304x25.4  FB  # 

400x30.0  FB  # 

150x7.0  FB  # 

460x32.0  FB  # 

Second  Deck 

Plate 

11.1 

17.0 

8.5 

15.0 

(16.71  m  ABL) 

Longitudinals 

152x89x9.5  L# 

203x102x25.4  L# 

76x64x6.4  L  # 

180x10.0  HP# 

Fourth  Deck 

Plate  1  (WT) 

17.5 

6.0 

6.5 

13.0 

(4.83  m  ABL) 

Longitudinals  1 

203x152x15.9  L# 

203x152x25.4  L# 

76x64x6.4  L  # 

260x11.0  HP# 

Plate  2  (NT) 

11.1 

6.0 

6.5 

12.0 

Inner  Bottom 

Plate  1 

15.9 

6.0 

16.9 

9.5 

(2.08  m  ABL) 

Longitudinals  1 

245x12.7x127x15.9  T  # 

265x33.0  WT  # 

265x33.0  WT# 

220x10.0  HP# 

Plate  2 

15.9 

6.0 

15.9 

15.0 

Longitudinals  2 

245x12.7x127x15.9  T# 

265x33.0  WT  # 

230x30.0  WT# 

260x12.0  HP# 

Plate  3 

15.9 

6.0 

15.9 

15.0 

Longitudinals  3 

245x12.7x127x15.9  T# 

265x33.0  WT# 

230x30.0  WT# 

260x12.0  HP# 

Dlate  4 

17.5 

6.0 

15.9 

15.0  i 

.ongitudinais  4 

270x12.7x127x15.9  T#  J 

265x33.0  WT# 

230x30.0  WT# 

280x11.0  HP# 

Plate  5  (NT) 

11.1 

6.0 

14.7 

15.0 

Longitudinals  5  j 

178x102x9.5  L# 

265x33.0  WT# 

203x102x19.0  L#  j 

220x11.0  HP# 
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i  Longitudinal  Bulkhead 
(13.51  m  off  CL) 

i  Plate  1 

15.9 

10.3 

15.7 

13.5 

;  Longitudinals  1 

203x152x15.9  L# 

203x102x19.0  L# 

203x102x19.0  L# 

260x10.0  HP# 

Plate  2 

15.9 

10.3 

15.7 

11.5 

j  Longitudinals  2 

203x152x15.9  L# 

203x102x19.0  L# 

203x102x19.0  L# 

260x10.0  HP# 

:  Plate  3 

14.3 

10.3 

15.7 

14.0 

1  Longitudinals  3 

:  178x102x12.7  L# 

203x102x19.0  L# 

203x102x19.0  L# 

200x11.0  HP# 

Plate  4 

11.1 

10.3 

15.7 

16.0 

Longitudinals  4 

178x102x9.5  L# 

203x102x19.0  L# 

203x102x19.0  L# 

200x9.0  HP# 

Plate  5 

28.6# 

10.3# 

15.7# 

20.5# 

Longitudinals  5 

305x25.4  FB  # 

203x102x19.0  L# 

203x102x19.0  L# 

300x17.0  FB# 

Plate  6 

28.6# 

10.3# 

15.7# 

24.5# 

Longitudinals  6 

305x25.4  FB  # 

203x102x19.0  L# 

203x102x19.0  L# 

300x17.0  FB# 

!  Longitudinal  Bulkhead 
:  (10.90  m  off  CL) 

Plate 

17.5 

11.3 

18.8 

15.0 

Longitudinals 

270x12.7x127x15.9  L# 

203x102x25.4  L# 

203x102x25.4  L# 

280x11.0  HP# 

1  Longitudinal  Girder  (NT) 

(CL) 

Plate 

17.5 

16.8 

14.6 

11.5 

Longitudinals 

203x102x14.3  L# 

203x102x25.4  L# 

89x64x9.5  L  # 

140x6.0  HP# 

1  Longitudinal  Girder  (WT) 

|  (3.05  m  off  CL) 

Plate 

14.3 

16.8 

14.6 

11.0 

Longitudinals 

203x152x11.1  L# 

203x102x25.4  L# 

89x64x9.5  L  # 

260x10.0  HP# 

!  Longitudinal  Girder  (NT) 

;  (5.66  m  off  CL) 

Plate 

15.9 

16.8 

14.6 

11.0 

Longitudinals 

152x12.7  FB# 

203x102x25.4  L# 

89x64x9.5  L  # 

140x10.0  FB# 

i  Longitudinal  Girder  (WT) 
(8.28  m  off  CL) 

Plate 

14.3 

16.8 

14.6 

14.0 

Longitudinals 

203x152x19.0  L# 

203x102x25.4  L# 

89x64x9.5  L  # 

280x11.0  HP# 

Longitudinal  Girder  (NT) 

;  (10.90  m  off  CL) 

Plate 

11.1 

j 

11.3 

14.6 

11.0 

Longitudinals 

152x12.7  FB# 

203x102x25.4  L# 

89x64x9.5  L  # 

130x10.0  FB# 

|  Hatch  Coaming 

Plate 

28.6  # 

11.0# 

11.0# 

13.5# 

Longitudinals 

305x28.6  FB  # 

150x7.0  FB# 

150x7.0  FB# 

180x14.0  FB# 

Hatch  Coaming  fop 

Plate 

28.6# 

11.0# 

11.0# 

12.0# 

#  denotes  High  Tensile  Steel 
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10.0  APPENDIX  1 

10.1.1  POSEIDON  ND 

Germanischer  Lloyd  furnished  a  copy  of  their  POSEIDON  ND  software  with  a  free  user’s 
license.  POSEIDON  was  developed  as  a  structural  synthesis  and  analysis  tool  intended 
to  facilitate  the  determination  of  ship  scantlings  during  both  design  and  construction 
phases.  The  designation  POSEIDON  ND  indicates  a  revised  and  updated  second- 
generation  version  of  the  original  with  a  Windows  95/98  type  of  graphical  user  interface. 

The  program  is  well  documented  with  a  user’s  guide  and  a  separate  tutorial  that  guides 
a  prospective  user  through  the  development  of  the  midship  section  for  a  container  ship. 
However,  to  become  proficient  in  correctly  applying  the  wide  array  of  features  offered  by 
POSEIDON  ND  in  an  efficient  manner,  attendance  at  a  formal  training  program  would  be 
highly  desirable. 


10.1.2  BATHMAX  1500 

To  develop  the  scantlings  for  the  BATHMAX  1500  midship  section  using  POSEIDON 

ND,  it  was  necessary  to: 

1 .  Input  the  type  of  ship,  principal  dimensions,  form  coefficients,  and  maximum  ship 
speed  (Attachments  1-2) 

2.  Specify  the  material  properties  (Attachment  3) 

3.  Select  a  table  of  structural  profiles  (bulb  flats,  angles,  flat  bars,  and  tees  are 
permitted)  that  contains  the  cross  sectional  area  properties. 

4.  The  selected  table  must  exist  prior  to  running  the  program;  however,  POSEIDON  ND 
does  come  with  several  text  files  containing  the  necessary  information  for  European 
and  Japanese  profiles.  One  of  these  tables  can  be  used  or  modified  as  needed  for 
use. 

5.  Generate  a  frame  table  in  the  ship’s  longitudinal  direction  (Attachment  4) 

6.  Generate  a  frame  table  in  the  ship’s  transverse  and  vertical  directions  (Attachment  5) 

7.  Provide  a  geometric  and  topologic  description  of  the  ship’s  transverse  section  with 
the  aid  of  “functional”  elements 

The  geometry  of  a  functional  element  is  defined  by  a  sequence  of  points  and  their 
connectors.  Straight  line  and  circular  arc  segments  are  used  as  connectors.  Each 
functional  element  is  named  according  to  a  convention;  the  use  of  such  a  scheme 
insures  that  the  applicable  sections  of  the  GL  Construction  Rules  will  be 
automatically  employed  to  size  the  stiffened  plate  structure  being  represented  by  the 
functional  element. 

8.  For  the  BATHMAX  1500  design,  midships  does  not  coincide  with  an  integral  frame  or 
station  number,  and  no  parallel  midbody  exists.  Consequently,  it  was  decided  to 
model  three  transverse  sections  (frames  145,  163,  and  181)  and  permit  the  program 
to  interpolate  for  the  midship  section.  Attachment  6  tabulates  the  functional  elements 
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for  frames  1 45,  1 63,  and  1 81 ,  while  Attachment  7  illustrates  the  functional  elements 
for  the  midship  section. 


9.  Assign  longitudinal  plates  and  stiffeners  to  each  functional  element 


Specify  the  material  and  joint  locations  for  each  plate,  but  not  the  plating  thickness. 
The  program  will  assign  a  default  thickness  of  1 .0  mm.  Identify  the  material,  location, 
and  type  of  profile  for  each  stiffener  or  group  of  stiffeners,  but  do  not  specify  the 
stiffener  dimensions.  The  program  will  assign  a  default  profile,  which  will  be  the  first 
entry  in  the  structural  profile  table  for  that  profile  type.  Attachments  8-9  list  the  plate 
and  stiffener  assignments,  while  Attachment  10  shows  the  default  midship  section. 

10.  After  modeling  the  midship  section,  the  user  requests  POSEIDON  ND  to  generate  a 
preliminary  set  of  scantlings.  These  scantlings  will  satisfy  the  GL  Construction  Rules 
for  local  requirements  and  are  produced  by  an  iterative  procedure  starting  with  the 
default  scantlings.  The  revised  plate  and  stiffener  assignments  are  compiled  in 
Attachments  11-12,  while  Attachment  13  shows  the  preliminary  midship  section. 

When  the  preliminary  scantlings  are  generated,  the  longitudinal  strength  in  vertical 
bending  is  checked.  The  program  calculates  and  compares  the  actual  and  required 
top  and  bottom  flange  hull  girder  section  moduli  plus  the  actual  and  required 
moments  of  inertia  for  the  hull  girder  cross  section.  Values  of  the  rule  minimums  for 
still  water  and  wave  bending  moments  are  automatically  computed,  but  the  user  can 
also  enter  actual  bending  moments,  if  known. 


Applying  the  GL  values  for  the  minimum  still  water  and  wave  bending  moments,  the 
preliminary  midship  section’s  moment  of  inertia  and  section  moduli  were  well  below 
the  GL  requirements  for  longitudinal  strength: 


Moment  of  Inertia 
Section  Modulus  (deck) 
Section  Modulus  (bottom) 


154.409  m.4  (required) 
15.381  m.3  (required) 
14.967  m.3  (required) 


66.725  m.4  (actual) 
5.762  m.3  (actual) 
9.667  m.3  (actual) 


11.  For  the  BATHMAX  1500,  the  still  water  vertical  bending  moment  amidships  was 
computed  for  a  range  of  loading  cases,  so  that  the  actual  maximum  value  was 
known.  In  addition,  wave  vertical  bending  moment  amidships  was  measured  during  a 
series  of  seakeeping  model  tests  in  sea  states  of  varying  severity.  The  test  results 
formed  the  basis  for  computing  the  maximum  value  of  vertical  bending  moment  on 
the  ship’s  Seattle  to  Yokohama  route  with  a  probability  level  of  10'8.  These  maximum 
values  of  still  water  and  wave  vertical  bending  moment  were  next  input  to  the 
program  by  the  user;  the  revised  set  of  bending  moments  is  tabulated  in  Attachments 
14-15. 


For  the  preliminary  scantlings,  the  midship  section’s  moment  of  inertia  and  section 
moduli  are  again  substantially  below  the  GL  requirements  for  longitudinal  strength: 

Moment  of  Inertia  173.344  m.4  (required)  66.725  m.4  (actual) 

Section  Modulus  (deck)  17.267  m.3  (required)  5.762  m.3  (actual) 

Section  Modulus  (bottom)  16.803  m.3  (required)  9.667  m.3  (actual) 

For  the  preliminary  scantlings,  the  steel  weight  per  unit  length  for  the  longitudinal 
material  is  21.21  t./m. 
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12.  To  achieve  adequate  hull  girder  strength,  the  preliminary  scantlings  were  increased 
in  an  iterative  manner  until  both  local  and  longitudinal  strength  requirements  were 
satisfied.  This  process  was  performed  manually,  since  POSEIDON  ND  does  not 
possess  such  a  capability. 


1 3.  Attachments  1 6-1 7  compile  the  final  plate  and  stiffener  scantlings,  while  Attachment 
18  shows  the  final  midship  section.  The  actual  and  required  hull  girder  beam 
properties  for  the  final  midship  section  are: 


Moment  of  Inertia 
Section  Modulus  (deck) 
Section  Modulus  (bottom) 


173.344  m.4  (required) 
15.829  m.3  (required) 
18.477  m.3  (required) 


1 70.952  m.4  (actual) 

1 7.990  m.3  (actual) 

1 8.992  m.3  (actual) 

length  for  the  longitudinal 


For  the  final  scantlings,  the  steel  weight  per  unit 
material  is  37.04  t./m. 


10.1.3  R.J.  PFEIFFER 

POSEIDON  ND  was  also  used  to  determine  the  midship  section  scantlings  for 

NASSCO’s  R.J.  PFEIFFER.  Familiarity  with  “how-to-use-the-program”  that  was  gained 

by  the  BATHMAX  1 500  application  made  this  task  much  more  tractable. 

T racing  the  midship  section  development  process  for  R.J.  PFEIFFER: 

1 .  Ship  particulars,  steel  properties,  and  frame  space  information  were  input  and  are 
presented  on  Attachments  1 9-23 

2.  A  set  of  functional  elements  that  describe  the  midship  section’s  longitudinal  material 
were  created;  the  elements  are  listed  on  Attachment  24  and  depicted  in  attachment 
25 

3.  Plates  and  stiffeners  were  assigned  to  the  functional  elements;  Attachments  26-27 
tabulate  the  plate  and  stiffener  assignments,  and  Attachment  28  shows  the  midship 
section  prior  to  scantling  generation 

4.  POSEIDON  ND  was  asked  to  generate  the  preliminary  scantlings,  Attachments  29- 
30  list  the  resulting  plate  and  stiffener  dimensions;  Attachment  31  shows  the 
preliminary  midship  section 

5.  For  the  preliminary  scantlings  with  the  GL  minimum  values  for  still  water  and  wave 
vertical  bending  moments,  the  midship  section’s  moment  of  inertia  and  section 
moduli  were  equivalent  to  or  greater  than  GL’s  requirements  for  longitudinal  strength: 

Moment  of  Inertia  1 00.549  m.4  (required)  1 63.590  m.4  (actual) 

Section  Modulus  (deck)  1 1 .972  m.3  (required)  1 1 .825  m.3  (actual) 

Section  Modulus  (bottom)  16.627  m.3  (required)  21.235  m.3  (actual) 

For  the  preliminary  scantlings,  the  steel  weight  per  unit  length  for  the  longitudinal 
material  is  24.82  t./m. 

6.  The  actual  maximum  value  of  still  water  vertical  bending  moment  exceeds  the  GL 
rule  minimum  value;  Attachment  32  tabulates  the  applied  vertical  bending  moment 


Bath  Iron  Works  -  A  General  Dynamics  Company 


31 


NSRP  #6-96-1 


11/01/00 


7.  For  the  preliminary  scantlings  with  the  increased  still  water  vertical  bending  moment, 
the  midship  section’s  deck  section  modulus  was  somewhat  below  the  GL 
requirements  for  longitudinal  strength: 

Moment  of  Inertia  1 18.141  m.4  (required)  163.590  m.4  (actual) 

Section  Modulus  (deck)  14.066  m.3  (required)  1 1.825  m.3  (actual) 

Section  Modulus  (bottom)  19.536  m.3  (required)  21.235  m.3  (actual) 

8.  A  final  set  scantlings  was  obtained  by  increasing  plating  thickness  in  way  of  the  box 
girders  and  hatch  coamings.  The  resulting  plate  and  stiffener  sizes  are  listed  in 
Attachments  33-34,  while  Attachment  35  illustrates  the  revised  midship  section 

9.  For  the  final  scantlings,  the  midship  section’s  moment  of  inertia  and  section  moduli 
meet  or  exceed  GL’s  requirements  for  longitudinal  strength: 

Moment  of  Inertia  1 18.141  m.4  (required)  186.792  m.4  (actual) 

Section  Modulus  (deck)  14.066  m.3  (required)  14.118  m.3  (actual) 

Section  Modulus  (bottom)  19.536  m.3  (required)  22.428  m.3  (actual) 

The  final  steel  weight  per  unit  length  for  the  longitudinal  material  is  26.21  t./m. 
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Attachments  for  Appendix  10.1 

1 .  BATHMAX  1 500  -  Project  Data 

2.  BATHMAX  1500  -  Principal  Dimensions 

3.  BATHMAX  1 500  -  Materials 

4.  BATHMAX  1500  -  Frame  Table  in  X-Direction 

5.  BATHMAX  1 500  -  Frame  Table  in  Y-  and  Z-Direction 

6.  BATHMAX  1 500  -  Shape  Representation  -  Frames  1 45,  1 63,  and  181 

7.  BATHMAX  1500  -  Functional  Elements  -  Midship  Section 

8.  BATHMAX  1 500  -  Plate  Arrangement  -  Midship  Section  -  Default  Scantlings 

9.  BATHMAX  1 500  -  Stiffener  Arrangement  -  Midship  Section  -  Default  Scantlings 

1 0.  BATHMAX  1 500  -  Midship  Section  -  Default  Scantlings 

1 1 .  BATHMAX  1500  -  Plate  Arrangement  -  Midship  Section  -  GL  Minimum  Scantlings 

12.  BATHMAX  1500  -  Stiffener  Arrangement  -  Midship  Section  -  GL  Minimum 
Scantlings 

13.  BATHMAX  1500  -  Midship  Section  -  GL  Minimum  Scantlings 

1 4.  BATHMAX  1 500  -  Still  Water  -  Vertical  Bending  Moment  and  Shear  Force 

1 5.  BATHMAX  1 500  -  Wave  Bending  Moments  and  Shear  Forces 

1 6.  BATHMAX  1500  -  Plate  Arrangement  -  Midship  Section  -  GL  Final  Scantlings 

1 7.  BATHMAX  1 500  -  Stiffener  Arrangement  -  Midship  Section  -  GL  Final  Scantlings 

18.  BATHMAX  1500  -  Midship  Section  -  GL  Final  Scantlings 

19.  R.J.  PFEIFFER  -  Project  Data 

20.  R.J.  PFEIFFER  -  Principal  Dimensions 

21 .  R.J.  PFEIFFER  -  Materials 

22.  R.J.  PFEIFFER  -  Frame  Table  in  X-Direction 

23.  R.J.  PFEIFFER  -  Frame  Table  in  Y-  and  Z-Direction 

24.  R.J.  PFEIFFER  -  Shape  Representation  -  Midship  Section 

25.  R.J.  PFEIFFER  -  Functional  Elements  -  Midship  Section 

26.  R.J.  PFEIFFER  -  Plate  Arrangement  -  Midship  Section  -  Default  Scantlings 

27.  R.J.  PFEIFFER  -  Stiffener  Arrangement  -  Midship  Section  -  Default  Scantlings 

28.  R.J.  PFEIFFER  -  Midship  Section  -  Default  Scantlings 

29.  R.J.  PFEIFFER  -  Plate  Arrangement  -  Midship  Section  -  GL  Minimum  Scantlings 

30.  R.J.  PFEIFFER  -  Stiffener  Arrangement  -  Midship  Section  -  GL  Minimum  Scantlings 

31 .  R.J.  PFEIFFER  -  Midship  Section  -  GL  Minimum  Scantlings 

32.  R.J.  PFEIFFER  -  Still  Water  -  Vertical  Bending  Moment  and  Shear  Force 

33.  R.J.  PFEIFFER  -  Plate  Arrangement  -  Midship  Section  -  GL  Final  Scantlings 

34.  R.J.  PFEIFFER  -  Stiffener  Arrangement  -  Midship  Section  -  GL  Final  Scantlings 

35.  R.J.  PFEIFFER  -  Midship  Section  -  GL  Final  Scantlings 
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Attachment  1  -  BATHMAX  1500  Project  Data 


POSEIDON  ND  2.200 

Project :  BaihMax  1500  by  RMcGowan 

Project  Data 


Germanischer  Lloyd 


Applicable  iuic-s  te  »hs  Proisct 

•  ■  Rute*  tot  Qsssficalion  and  Owiiuetbb  : 
l  Ship  TijeS-rokay 
*  Sengnihg  Ship* 


Pt0it,'.  :y-- i-v.  eA-.e; 

OwwipNw 

CiMten  Date;  : 

O«2p&M0eiSon*  *. 

)  •*”;:•••  7* ' '! 

i  Char  <rf  Qmtfyti&m, , 

Ship  Type; 

:  R«1  rioted  SwviO* 

•  Ice  Gas* 


fBMcGowan 

no  description 

(^Modification;  ji*200a  2:13,08  f> 

:  v)^j  ;:i:pr  ^ 

. x^in 

"U“'.V 


:  ::  .  :  '4  :  ■  : 

e £  :  y  ;  yyy: ;  ■ : y .  ■  as:  <  .  y  :■ 


i  ConUwxK  Ship ; 


vdiCte; 


■> 

'"yf'v'Sf '.■'.■■■'•  '/ V  ' 

-'"'•b  7  ;••  ;':v  •  :'•  - 


Fife  :  C:\PROGRA~1iGERMAN-1\POSElO~  1\BATHMA~2.POX 
Dais :  2000-09-13  08:01 
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Attachment  2  -  BATHMAX  1500  Principal  Dimensions 


POSEIDON  ND  2.200 

Project :  BathMax  1500  by  RMcGowan 

Principal  Dimensions 


Germaniseher  Lloyd 


t  .  C8;f . 0.431"' 

,  Vtt*.f  33.55  kn 

'?  in  Wad  _  ‘  Tk Ijw/i 
fiib-iGOW  t*v 

const  Deck  aim  fcl:  ]  m 

ccct0.8"t  bZ  j  aofio"  m 


length  at  T  t.wl .  j  243  3?f)  hr  ■ 

ScortSns-laoflth  .  .  .  t:  |  240  919  m  . 
SiaaSt  •  B  j  275m  m 

Depth  ' i .  :  : :  ;  H.  (“TTii  »  .  ■ 

Starting  csaught  T;  j3000iip:v. 


j  S-'t-jwaWj; j 

I _ ifr.frfup  -.itciiyi  j 


■  >  ■  ’  y  •.  s  ;>  -  " s-  :  ^ 

y  r  ~r .  "  • "  "v' 5-  -W  -4  'vd  • 

.  v  <7^V  ,1-:  -;t« 

V‘./W  •  '•  v -O.  ->  >,  '  ,-v:  sS'S.  ■■  £i'. . 

'  \  ,* 


Fite  C:\PROGRA~  1tGERMAN~1  \POSE!t)~i '.BA  fHMA~2  POX 
Data  2000-09-13  08:01 

Page ;  1 


Bath  Iron  Works  -  A  General  Dynamics  Company 


35 


NSRP  #6-96-1 

Attachment  3  -  BATHMAX  1500  Materials 


11/01/00 


Material 

Number 

E-Modulus 

[kN/m2] 

G-Modulus 

[kN/m2] 

Material 

Density 

[kfl/mml2] 

Yield  Stress 
[N/mm2] 

Remark 

1 

206000000 

79230769 

8000 

235 

2 

206000000 

79230769 

8000 

315 

3 

206000000 

79230769 

8000 

355 

4 

206000000 

79230769 

8000 

390 

Attachment  4  -  BATHMAX  1500  Frame  Table  in  X-Direction 


Frame  No. 

M.  Line 

wSSdl&nt 

X/L 

0 

800 

Forward 

-7.200 

0.0000 

325 

800 

Forward 

252.800 

1.0000 
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Attachment  6  -  BATHMAX  1500  Shape  Representation:  Frames  145. 163.  and  181 


Functional 

Element 


Description 


CO_1  |  Hatch  Coaming 


CO_2  I  Hatch  Coaming  Flange 


Frame  No.  F/A  I  Sym 


Sym 

No. 

Y  [mm] 

Z  [mm] 

LT 

SHELL 


Tank  Top  - 13.08  m  ABL 


Tank  Top  -  7.82  m  ABL 


ITank  Top  -  5.19  m  ABL 


ITank  Top  -  2.56  m  ABL 


Long’l  Bhd  -  CL 


Long’l  Bhd  -  3.725  m  off  CL 


|  Long’l  Bhd -6.208  m  off  CL 


Long’l  Bhd  -  8.691  m  off  CL 


Long’l  Bhd -11.450  m  off  CL 
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Y  [mm]  Z  [mm] 


L_15 


L_15 


CO_1 


CO_1  +929 


L_15 


SHELL 


L_15 


SHELL 


L_11 


SHELL 


LSI 


-8 


L_11 


L_11 


L_15| 


L_15 


0.0 


500.0 


621.0 


1242.0 


1833.4 


2583.0 


3329.2 


4069.4 


4802.0 


5527.5 


6248.1 


6966.1 


7680.2 


8388.4 


9088.0 


9776.1 


10448.81 


11100.6 


11723.1 


12304.1 


12825.61 


13261.2 


13575.9 


13731.2 


13748.3 


13750.0 


13750.0 


SHELL 


L_28 


SHELL 


L_32 


L_32 


L_46 


0.0 


0.0 


28.2 


176.3 


406.5 


642.9 


890.1 


1154.3 


1439.0 


1741.2 


2055.1 


2375.0 


2703.3 


3044.1 


3402.41 


3782.2 


4188.5 


4627.7 


5107.2 


5636.1 


6223.6 


6876.9 


7595.8 


8364.6 


9150.0 


9936.0 


17400.0 


LT 
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Functional 

Element 

Description 

Frame  No. 

F/A 

Sym 

No. 

Y  [mm] 

Z  [mm] 

LT 

CO_1  |  Hatch  Coaming 


CO_2  I  Hatch  Coaming  Flange 


_2  |Tank Top- 13.08  m  ABL 


DK_4  |  Tank  Top  -  7.82  m  ABL 


DK_5  ITank  Top -5.19  m  ABL 


DK_6  ITank  Top -2.56  m  ABL 


LB_0  I  Long’l  Bhd  -  CL 


LB_2  |  Long’l  Bhd  -  3.725  m  off  CL 


LB_3  |  Long’l  Bhd  -  6.208  m  off  CL 


LB_4  |  Long’l  Bhd  -  8.691  m  off  CL 


LB_5  |  Long’l  Bhd  -  1 1 .450  m  off  CL 


SHELL  IWhole  Shell 


L_1 1 

SHELL 

L_11 

L_32 

L_15 

L_32 

L_15 

L_46 

0.0 

0.0 

500.0 

0.0 

621.0 

53.6 

1242.0 

323.9 

571.7 

3013.1 

829.0 

3758.1 

1101.9 

4495.4 

1394.9 

5225.8 

1704.7 

5951.9 

2024.8 

6676.2 

2348.7 

7397.7 

2678.9 

8114.0 

3020.0 

8822.2 

3377.9 

9519.0 

3757.3 

10200.2 

4164.0 

10859.7 

4605.0 

11489.3 

5087.6 

12077.4 

5619.8 

12608.6 

■Bl 

13062.5 

6858.7 

13415.1 

7568.6 

13646.8 

8326.4 

13744.4 

9112.8 

13750.0 

9906.2 

13750.0 

17400.0 
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Attachment  8  -  BATHMAX  1500  Plate  Arrangement:  Midship  Section  -  Default  Scantlings 


Functional  Element  Item 

Start  of  Plate 

M.Line 
*  [mm] 

Sym. 

Mai 

Design  Criteria 

_ Attributes _ 

End  of  Plate 

SHELL 

A 

BEGIN 

B=1 350.0 

Right 

P+S 

4 

S 

SHELL 

B 

AUTO 

B=2700.0 

Right 

P+S 

4 

S 

SHELL 

C 

AUTO 

B=2700.0 

Right 

P+S 

4 

s 

SHELL 

D 

AUTO 

B=2700.0 

Right 

P+S 

1 

s 

SHELL 

E 

AUTO 

B=2700.0 

Right 

P+S 

1 

s 

SHELL 

F 

AUTO 

B=2700.0 

Right 

P+S 

1 

s 

SHELL 

G 

AUTO 

;Z=8000.0 

Right 

P+S 

1 

s 

SHELL 

H 

AUTO 
;Z= 10500.0 

Right 

P+S 

1 

s 

SHELL 

1 

AUTO 

;Z=1 3000.0 

Right 

P+S 

1 

s 

SHELL 

J 

AUTO 

END-2700.0 

Right 

P+S 

4 

s 

SHELL 

K 

AUTO 

END 

Right 

P+S 

4 

s 

CO_1 

pl.1 

BEGIN 

END 

Right 

P+S 

4 

CO 

CO_2 

pl-1 

BEGIN 

END 

Right 

P+S 

4 

CO 

DK1 

pl.1 

BEGIN 

END 

Right 

P+S 

4 

WD 

DK_2 

pl.1 

BEGIN 

END 

Right 

P+S 

4 

WT 

DK_4 

pl.1 

BEGIN 

END 

Right 

P+S 

1 

WT 

DK_5 

pl.1 

BEGIN 

END 

Right 

P+S 

1 

WT 

DK_6 

pl.1 

BEGIN 

END 

Right 

P+S 

1 

IB 

LB_0 

pl.1 

BEGIN 

END 

Right 

P 

4 

WT 

LB_2 

pl.1 

BEGIN 

L  24 

Right 

P+S 

4 

LB_2 

Pl-2 

AUTO 

END 

Right 

P+S 

1 

WT 

LB_3 

pl.1 

BEGIN 

END 

Right 

P+S 

1 

WT 

LB_4 

pl.1 

BEGIN 

L  28 

Right 

P+S 

1 

LB_4 

pl.2 

AUTO 

END 

Right 

P+S 

1 

WT 

LB_5 

pl.1 

BEGIN 
;Z= 10500.0 

Right 

P+S 

1 

WT 

LB_5 

pl.2 

AUTO 
;Z= 13000.0 

Right 

P+S 

1 

WT 

LB_5 

pl.3 

AUTO 

END 

Right 

P+S 

4 

WT 
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NSRP  #6-96-1  11/01/00 

Attachment  9  -  BATHMAX  1500  Stiffener  Arrangement:  Midship  Section  -  Default  Scantlings 


SHELL 


SHELL 


SHELL 


SHELL 


SHELL 


SHELL 


SHELL 


SHELL 


LB_0 


LB_2 


LB_2 


LB_2 


LB_3 


LB_4 


LB_4 


LB_5 


LB_5 


LB_5 


DK_1 


DK_2 


DK_4 


DK_4 


DK_4 


DK_5 


DK_5 


DK_6 


DK_6 


CO_1 


CO  2 


Dimensions 

Rot. 

1  Mat.  i 

1  Sym. 
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Attachment  10  -  BATHMAX  1500  Midship  Section:  Default  Scantlinns 


Bath  Iron  Works  -  A  General  Dynamics  Company 


GERMANISCHER  LLOYD  Bath  Max  1500  Frame  No  •  0  5L  (A+F) 

POSEIDON  ND  2.200  RMeGowan 

Fite  C:\P806RA~H6ERMAN~1\P0SEiD-1VBATHMA-f.P0X  Date:  15.OS.00  Time:  07:57:1  f  — —  — - — — - — 


NSRP  #6-96-1  11/01/00 

Attachment  1 1  -  BATHMAX  1500  Plate  Arrangement:  Midship  Section  -  GL  Minimum  Scantlings 


Functional  Element  Item 

Start  of  Plate 

BSMI 

Sym. 

Ma 

Design  Criteria 

Attributes _ 

End  of  Plate 

SHELL 

A 

BEGIN 

B= 1350.0 

Right 

21  .C 

S 

SHELL 

B 

AUTO 

B=2700.0 

Right 

20.C 

i  m 

S 

SHELL 

C 

AUTO 

B=2700.0 

Right 

15.0 

M 

s 

SHELL 

D 

AUTO 

B=2700.0 

Right 

24.0 

P+S 

i 

s 

SHELL 

E 

AUTO 

B=2700.0 

Right 

19.5 

P+S 

i 

s 

SHELL 

F 

AUTO 

B=2700.0 

Right 

15.5 

P+S 

1 

s 

SHELL 

G 

AUTO 

;Z=8000.0 

Right 

15.5 

P+S 

1 

s 

SHELL 

H 

AUTO 

;Z=1 0500.0 

Right 

16.0 

P+S 

1 

s 

SHELL 

1 

AUTO 

;Z=1 3000.0 

Right 

26.5 

P+S 

1 

s 

SHELL 

J 

AUTO 

END-2700.0 

Right 

14.5 

P+S 

4 

s 

SHELL 

K 

AUTO 

END 

Right 

10.5 

H 

s 

CO_1 

pl.1 

BEGIN 

END 

Right 

11.0 

mm 

CO 

CO_2 

pl-1 

BEGIN 

END 

Right 

11.0 

mm 

CO 

DK_1 

pl.1 

BEGIN 

END 

Right 

12.0 

WD 

DK__2 

pl.1 

BEGIN 

END 

Right 

11.0 

WT 

DK_4 

pl.1 

BEGIN 

END 

Right 

11.0 

P+S 

1 

WT 

DK_5 

pl.1 

BEGIN 

END 

Right 

9.0 

P+S 

1 

WT 

DK_6 

pl.1 

BEGIN 

END 

Right 

19.0 

P+S 

1 

IB 

LB_0 

pl.1 

BEGIN 

END 

Right 

22.0 

p 

4 

WT 

LB_2 

pl.1 

BEGIN 

L  24 

Right 

12.0 

LB_2 

Pl -2 

AUTO 

END 

Right 

10.0 

P+S 

1 

WT 

LB_3 

pl.1 

BEGIN 

END 

Right 

9.0 

P+S 

1 

WT 

LB_4 

pl.1 

BEGIN 

L  28 

Right 

12.5 

P+S 

1 

LB_4 

Pl-2 

■ 

P+S 

1 

WT 

LB_5 

pl.1 

BEGIN 

Z=1 0500.0 

Right 

15.5 

P+S 

1 

WT 

LB_5 

Pl-2 

AUTO 

Z= 13000.0 

Right 

12.0 

P+S 

1 

WT 

LB_5 

31.3 

AUTO 

END 

Right 

9.0 

P+S 

4 

WT 
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11/01/00 


Attachment  12 
Scantlings 


-  BATHMAX  1 500  Stiffener  Arrangement:  Midship  Section  -  GL  Minimum 
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NSRP  #6-96-1  11/01/00 

Attachment  14  -  BATHMAX  1500  Still  Water  Bending  Moments  and  Shear  Force 


Stillwater:  Seagoing  Condition 

Bending  Moments  BM 

Shear  Forces  SF 

Frame  No. 

■hmBukmSiHH 

■mm 

Max  fkNl 

0L 

0 

0 

0 

0 

0.3L 

1260000 

-697160 

36947 

-29873 

0.7L 

1260000 

-697160 

36947 

-29873 

1.0L 

0 

0 

0 

0 

Attachment  15  -  BATHMAX  1500  Wave  Bending  Moments  and  Shear  Forces 


User  Defined  Wave  Moments  and  Shear  Forces 

Position 

Vertical 

Bending 

Horizontal  Bending 

Torsion 

Frame  No. 

■ 

m 

m ■sg-i’t* 

msm 

m —HI 

mmSm 

1EH 

HK9BI 

■BB 

0.4L 

Min 

-3500000 

-18622 

-1016422 

-13184 

-231975 

Max 

2422583 

18622 

1016422 

13184 

231975 

0.6L 

Min 

-3500000 

-18622 

-1016422 

-13184 

-231975 

max 

2422583 

18622 

1016422 

13184 

231975 
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NSRP  #6-96-1  11/01/00 

Attachment  16  -  BATHMAX  1500  Plate  Arrangement:  Midship  Section  -  GL  Final  Scantlings 


Functional  Element  Item 

Start  of  Plate 

M.Line 

t  [mm! 

Sym. 

Mai 

Design  Criteria 

Attributes _ 

End  of  Plate 

SHELL 

A 

BEGIN 

B=1 350.0 

Right 

32.0 

P+S 

4 

s 

SHELL 

B 

AUTO 

B=2700.0 

Right 

32.0 

P+S 

4 

s 

SHELL 

C 

AUTO 

B=2700.0 

Right 

24.0 

P+S 

4 

s 

SHELL 

D 

AUTO 

B=2700.0 

Right 

22.0 

P+S 

1 

s 

SHELL 

E 

AUTO 

B=2700.0 

Right 

22.0 

P+S 

1 

s 

SHELL 

F 

AUTO 

B=2700.0 

Right 

20.0 

P+S 

1 

s 

SHELL 

G 

AUTO 

;Z=8000.0 

Right 

20.0 

P+S 

1 

s 

SHELL 

H 

AUTO 
;Z= 10500.0 

Right 

22.0 

P+S 

1 

s 

SHELL 

1 

AUTO 
;Z=1 3000.0 

Right 

35.0 

P+S 

1 

s 

SHELL 

J 

AUTO 

END-2700.0 

Right 

45.0 

P+S 

4 

s 

SHELL 

K 

AUTO 

END 

Right 

45.0 

P+S 

4 

s 

CO_1 

Pl-1 

BEGIN 

END 

Right 

45.0 

P+S 

4 

CO 

CO_2 

pl-1 

BEGIN 

END 

Right 

50.0 

P+S 

4 

CO 

DK_1 

pl.1 

BEGIN 

END 

Right 

50.0 

P+S 

4 

WD 

DK_2 

Pl-1 

BEGIN 

END 

Right 

32.0 

P+S 

4 

WT 

DK_4 

Pl-1 

BEGIN 

END 

Right 

14.0 

P+S 

1 

WT 

DK_5 

Pl-1 

BEGIN 

END 

Right 

20.0 

P+S 

1 

WT 

DK_6 

Pl-1 

BEGIN 

END 

Right 

20.0 

P+S 

1 

IB 

LB_0 

Pl-1 

BEGIN 

END 

Right 

24.0 

p 

4 

WT 

LB_2 

pl.1 

BEGIN 

L  24 

Right 

24.0 

P+S 

4 

LB_2 

pl.2 

AUTO 

END 

Right 

16.0 

P+S 

1 

WT 

LB_3 

Pl-1 

BEGIN 

END 

Right 

16.0 

P+S 

1 

WT 

LB_4 

pl.1 

BEGIN 

L  28 

Right 

16.0 

P+S 

1 

LB_4 

pl.2 

AUTO 

END 

Right 

16.0 

P+S 

1 

WT 

LB_5 

pl.1 

BEGIN 
;Z=1 0500.0 

Right 

14.0 

P+S 

1 

WT 

LB_5 

pl.2 

AUTO 
;Z=1 3000.0 

Right 

22.0 

P+S 

1 

WT 

LB_5 

pl.3 

AUTO 

END 

Right 

45.0 

P+S 

4 

WT 
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Attachment  17  -  BATHMAX  1500  Stiffener  Arrangement:  Midship  Section  -  GL  Final  Scantlinas 


Bath  Iron  Works  -  A  General  Dynamics  Company 


NSRP  #6-96-1 


11/01/00 


Bath  Iron  Works  -  A  General  Dynamics  Company 


51 


Rte;  G;lDROSRA-fCERMAN-1\POSEID-1«ATOM.A-3.POX  Date::  54.08  00  Time:  12:58:52 


NSRP  #6-96-1 


11/01/00 


Attachment  19  -  R.J.  PFEIFFER  Project  Data 


POSEIDON  ND  2.200 

Project :  R.  J>  Pfeiffer  by  R McGowan 

Project  Data 


Germanischer  Lloyd 


PrCject 


:|RMcGewan 


Autfet; 


Descriptor,.: 


no  description 


6*»irtb>Ns; / 


w-i  « *  .j 


i m  ■ 

'.i%  i 
I  ^  \ 


ir< 

■m 


■  ^  ;  ,< 


File  :  C:\PROGRA-1\GERIVIAN~1\POSEID-1\Pfeiffar, pox  . 

Date :  2000-09-26  06:47 

Page  ■  I 
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11/01/00 


NSRP  #6-96-1 


POSEIDON  NO  2.200 

Project :  R.  J.  Pfeiffer  by  RMcGowan 

Principal  Dimensions 


Germanischer  Lloyd 


I  0.55?  ' 
'“*21500 
in’sTT  n 


Sc.jrttiififi  tenoih  j 
Bfeath  . 

CepJh 

:S§apSfi9 


H  j  i  26$  » 

t  r  Trsi  i 


0.0(30 


msm 

-  -J.  <*•  ■  'I* 

.sEA.f&ji 


/  0,8 


'mmm 


m  iSi 


HgiHli 


Fite :  C:APROGRA-ftGERMAN~1\POSEID-1OTeiffer.pdx 
Dale .  2000-09-26  06:47 

Page :  1 
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NSRP  #6-96-1  11/01/00 

Attachment  21  -  R.J.  PFEIFFER  Materials 


Material 

Number 

E-Modulus 

[kN/m2] 

G-Modulus 

[kN/m2] 

Material 

Density 

[kg/mrrr] 

Yield  Stress 
[N/mm2] 

Remark 

1 

206000000 

79230769 

8000 

235 

2 

206000000 

79230769 

8000 

315 

3 

206000000 

79230769 

8000 

355 

4 

206000000 

79230769 

8000 

390 

Attachment  22  -  R.J.  PFEIFFER  Frame  Table  in  X-Direction 


Frame  No. 

M.  Line 

X/L 

0 

610 

Aft 

0 

0 

16 

1372 

Aft 

9.754 

0.031 

17 

3150 

Aft 

11.125 

0.037 

21 

1372 

Aft 

23.724 

0.1 

22 

3150 

Aft 

25.095 

0.107 

26 

1372 

Aft 

37.694 

0.169 

27 

3150 

Aft 

39.065 

0.176 

31 

1372 

Aft 

51.664 

0.239 

32 

787 

Aft 

53.035 

0.245 

53 

2184 

Aft 

69.571 

0.327 

54 

3150 

Aft 

71.755 

0.338 

58 

1575 

Aft 

84.353 

0.401 

59 

3150 

Aft 

85.928 

0.409 

63 

1575 

Aft 

98.527 

0.471 

64 

3150 

Aft 

100.101 

0.479 

68 

1575 

Aft 

112.7 

0.541 

69 

3150 

Aft 

114.275 

0.549 

73 

1575 

Aft 

126.873 

0.612 

74 

2565 

Aft 

128.448 

0.619 

76 

2591 

Aft 

133.579 

0.645 

77 

1575 

Aft 

136.169 

0.658 

78 

3175 

Aft 

137.744 

0.666 

79 

1372 

Aft 

140.919 

0.681 

80 

3175 

Aft 

142.291 

0.688 

81 

1575 

Aft 

145.466 

0.704 

82 

2565 

Aft 

147.041 

0.712 

84 

2591 

Aft 

152.171 

0.737 

85 

1372 

Aft 

154.762 

0.75 

86 

2565 

Aft 

156.134 

0.757 

88 

2591 

Aft 

161.265 

0.782 

89 

1372 

Aft 

163.855 

0.795 

90 

2565 

Aft 

165.227 

0.802 

92 

2591 

Aft 

170.358 

0.827 

93 

1372 

Aft 

172.949 

0.84 

94 

2565 

Aft 

174.32 

0.847 

96 

2591 

Aft 

179.451 

0.872 

97 

1372 

Aft 

182.042 

0.885 

98 

2565 

Aft 

183.413 

0.892 

100 

2591 

Aft 

188.544 

0.918 

101 

610 

Aft 

191.135 

0.93 

124 

610 

Aft 

205.156 

1 
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NSRP  #6-96-1 

Attachment  23  -  R.J.  PFEIFFER  Frame  Table  in  Y-  and  Z-Direction 


11/01/00 


Name 

No 

Spacing 

[mm] 

BH 

Frame  No. 

F/A 

Sym 

L_0 

1 

0.0 

0.0 

0.5L 

A+F 

P+S 

L_1 

1 

0.0 

3048.0 

0.5L 

A+F 

P+S 

L_2 

1 

0.0 

5664.2 

0.5L 

A+F 

P+S 

L_3 

1 

0.0 

8280.4 

0.5L 

A+F 

P+S 

L_4 

1 

0.0 

10896.6 

0.5L 

A+F 

P+S 

L_5 

1 

0.0 

13512.8 

0.5L 

A+F 

P+S 

L_6 

1 

0.0 

16103.5 

0.5L 

A+F 

P+S 

L10 

1 

0.0 

0.0 

0.5L 

A+F 

P+S 

L_1 1 

1 

0.0 

2082.8 

0.5L 

A+F 

P+S 

L_12 

1 

0.0 

4826.0 

0.5L 

A+F 

P+S 

L_13 

1 

0.0 

10312.4 

0.5L 

A+F 

P+S 

L_14 

1 

0.0 

16713.2 

0.5L 

A+F 

P+S 

L_15 

1 

0.0 

20269.2 

0.5L 

A+F 

P+S 

L_16 

1 

0.0 

21717.0 

0.5L 

A+F 

P+S 
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NSRP  #6-96-1 


11/01/00 


Attachment  24  -  R.J.  PFEIFFER  Shape  Representation:  Midship  Section 


Functional  Description 

Element 
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fils:  C:\PROGR,4-1\G£RMAN~1¥>OSat>-1\Pfa'ffer.pois  Oats:  26.09.00  Tima  07:02:09 


NSRP  #6-96-1  11/01/00 

Attachment  26  -  R.J.  PFEIFFER  Plate  Arrangement:  Midship  Section  -  Default  Scantlings 


Functional  Element  Item 

Start  of  Plate 

M.Line 

t  [mm; 

Sym. 

Mat 

Design  Criteria 

_ Attributes _ 

End  of  Plate 

SHELL 

Keel 

BEGIN 

B=2150.0 

Right 

P+S 

1 

S 

SHELL 

A 

AUTO 

B=2700.0 

Right 

P+S 

1 

s 

SHELL 

B 

AUTO 

B=2700.0 

Right 

P+S 

1 

s 

SHELL 

C 

AUTO 

B=2700.0 

Right 

P+S 

1 

s 

SHELL 

D 

AUTO 

B=2700.0 

Right 

P+S 

1 

s 

SHELL 

E 

AUTO 

IB+100.0 

Right 

P+S 

1 

s 

SHELL 

F 

AUTO 

B=2700.0 

Right 

P+S 

1 

s 

SHELL 

G 

AUTO 

B=2700.0 

Right 

P+S 

1 

s 

SHELL 

H 

AUTO 

B=2700.0 

Right 

P+S 

1 

s 

SHELL 

1 

AUTO 

B=2700.0 

Right 

P+S 

1 

s 

SHELL 

J 

AUTO 

B=2700.0 

Right 

P+S 

1 

s 

SHELL 

K 

AUTO 

DK  2-100.0 

Right 

P+S 

1 

s 

SHELL 

L 

AUTO 

END-2222.5 

Right 

P+S 

3 

s 

SHELL 

M 

AUTO 

END 

Right 

P+S 

3 

s 

IB 

pH 

BEGIN 

B=2700.0 

Left 

P+S 

1 

IB 

IB 

pl2 

AUTO 

B=2700.0 

Left 

P+S 

1 

IB 

IB 

pl3 

AUTO 

B=2700.0 

Left 

P+S 

1 

IB 

IB 

pl4 

AUTO 

Y= 10897.0 

Left 

P+S 

1 

IB 

IB 

pl5 

AUTO 

END 

Left 

P+S 

1 

IB 

DK_1 

pH 

BEGIN 

END 

Left 

P+S 

3 

WD 

DK_2 

pH 

BEGIN 

END 

Left 

P+S 

1 

DK_4 

pH 

BEGIN 

Y= 13563.0 

Left 

P+S 

1 

DK_4 

pl2 

AUTO 

END 

Left 

P+S 

1 

LB_1 

pH 

BEGIN 

B=2971.8 

Left 

P+S 

1 

LB_1 

Pl2 

AUTO 

B=2971.8 

Left 

P+S 

1 

LB_1 

pl3 

AUTO 

B=2971.8 

Left 

P+S 

1 

LB_1 

pl4 

AUTO 

DK  2-100.0 

Left 

P+S 

1 
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11/01/00 


1  Functional  Element 

Item 

Start  of  Plate 

M.Line 

Sym. 

Design  Criteria 

_ Attributes _ 

End  of  Plate 

t  [mm] 

Mat 

LB_1 

pl5 

AUTO 

END-2222.5 

Left 

P+S 

3 

LB_1 

pl6 

AUTO 

Left 

P+S 

END 

3 

LB_2 

pH 

BEGIN 

END 

Left 

P+S 

1 

LG_00 

pll 

BEGIN 

END 

Left 

p 

1 

LG_13 

pH 

BEGIN 

END 

Left 

P+S 

1 

LG_10 

pll 

BEGIN 

END 

Left 

P+S 

1 

LG_07 

pll 

BEGIN 

END 

Left 

P+S 

1 

LG_04 

pll 

BEGIN 

END 

Left 

P+S 

1 

CO_1 

pll 

BEGIN 

END 

Left 

P+S 

3 

CO 

CO_2 

pll 

BEGIN 

END 

Left 

P+S 

3 

CO 
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NSRP  #6-96-1  11/01/00 

Attachment  27  -  R.J.  PFEIFFER  Stiffener  Arrangement:  Midship  Section  -  Default  Scantlings 


1 

IHBH 

1  Attributes 

SHELL 

stl 

SHELL 

st5 

SHELL 

st8 

SHELL 

stl  1 

SHELL 

stl  4 

SHELL 

stl  9 

SHELL 

st23 

SHELL 

st30 

SHELL 

st32 

SHELL 

st36 

IB 

stl 

IB 

St5 

IB 

st8 

IB 

stl  1 

IB 

stl  4 

DK__1 

stl 

DK_2 

stl 

DK_4 

Stl 

DK_4 

st3 

LB_1 

stl 

LB_1 

st8 

LB_1 

stIO 

LB_1 

stl  3 

LB_2 

stl 

CO_1 

Stl 

LG_00 

stl 

LG_04 

stl 

E 

LG_07 

stl 

LG_10 

stl 

LG_13 

stl 

Dimensions 
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NSRP  #6-96-1 

Attachment  28  -  R.J.  PFEIFFER  Midship  Section  -  Default  Scantlings 


11/01/00 
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GERMANISCHER  LLOYD  R.  J,  Pfeiffer  Frame  No  ■  0  5L  (A+F) 

POSEIDON  ND  2.200  RMcGowan 

Fi;e;C:\PR0GRA-t\GERMA^1lo0$EIS>f\Reiffer:  pox  Date:  26.09.00  Time;  07:05:02  .  .  ™"“  . 


NSRP  #6-96-1 


11/01/00 


Attachment  29  -  R.J.  PFEIFFER  Plate  Arrangement:  Midship  Section  -  GL  Minimum  Scantlings 


Functional  Element  1  Item 

Start  of  Plate 

Sym. 

Mat 

Design  Criteria 

End  of  Plate 

SHELL 

Keel 

BEGIN 

B=2150.0 

Right 

17 

P+S 

1 

S 

SHELL 

A 

AUTO 

B=2700.0 

Right 

17 

P+S 

1 

S 

SHELL 

B 

AUTO 

B=2700.0 

Right 

17.5 

P+S 

1 

S 

SHELL 

C 

AUTO 

B=2700.0 

Right 

18.5 

P+S 

1 

s 

SHELL 

D 

AUTO 

B=2700.0 

Right 

18 

P+S 

1 

s 

SHELL 

E 

AUTO 

IB+100.0 

Right 

14.5 

P+S 

1 

s 

SHELL 

F 

AUTO 

B=2700.0 

Right 

14.5 

P+S 

1 

s 

SHELL 

G 

AUTO 

B=2700.0 

Right 

14 

P+S 

1 

s 

SHELL 

H 

AUTO 

B=2700.0 

P+S 

1 

s 

SHELL 

1 

AUTO 

B=2700.0 

Right 

14 

P+S 

1 

s 

SHELL 

J 

AUTO 

B=2700.0 

Right 

17 

P+S 

1 

s 

SHELL 

K 

AUTO 

DK  2-100.0 

Right 

17.5 

P+S 

1 

s 

SHELL 

L 

AUTO 

END-2222.5 

Right 

14.5 

P+S 

3 

s 

SHELL 

M 

AUTO 

END 

Right 

15 

P+S 

3 

s 

IB 

pH 

BEGIN 

B=2700.0 

P+S 

1 

IB 

IB 

pl2 

AUTO 

B=2700.0 

Left 

15 

P+S 

1 

IB 

IB 

pl3 

AUTO 

B=2700.0 

Left 

15 

P+S 

1 

IB 

IB 

pl4 

AUTO 

Y=1 0897.0 

Left 

15 

P+S 

1 

IB 

IB 

pl5 

AUTO 

END 

Left 

15 

P+S 

1 

IB 

DK_1 

pll 

BEGIN 

END 

Left 

17 

P+S 

3 

WD 

DK_2 

pH 

BEGIN 

END 

Left 

15 

P+S 

1 

DK_4 

pll 

BEGIN 

Y=1 3563.0 

Left 

13 

P+S 

1 

DK_4 

Pl2 

AUTO 

END 

m 

P+S 

1 

LB_1 

pll 

BEGIN 

B=2971.8 

Left 

13.5 

P+S 

1 

LB_1 

pl2 

AUTO 

B=2971.8 

Left 

11.5 

P+S 

1 

LB_1 

pl3 

AUTO 

B=2971.8 

Left 

14 

P+S 

1 

LB_1 

314 

AUTO 

DK  2-100.0 

.eft 

16 

P+S 

1 
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Functional  Element 

Item 

Start  of  Plate 

M.Line 

Sym. 

Design  Criteria 

End  of  Plate 

t  [mml 

Mat 

LB_1 

pl5 

AUTO 

END-2222.5 

Left 

20.5 

P+S 

3 

LB_1 

pl6 

AUTO 

Left 

P+S 

END 

24.5 

3 

LB_2 

pH 

BEGIN 

END 

Left 

15 

P+S 

1 

LG_00 

pll 

BEGIN 

END 

Left 

11.5 

p 

1 

LG_13 

pll 

Left 

11 

P+S 

1 

LG_10 

pll 

BEGIN 

END 

Left 

14 

P+S 

1 

LG_07 

pll 

BEGIN 

END 

Left 

11 

P+S 

1 

LG_04 

pll 

mm 

Left 

11 

P+S 

1 

CO_1 

pll 

BEGIN 

END 

Left 

13.5 

P+S 

3 

CO 

CO_2 

pll 

BEGIN 

END 

Left 

12 

P+S 

3 

CO 
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Attachment  30  -  R.J.  PFEIFFER  Stiffener  Arrangement:  Midship  Section  -  GL  Minimum 
Scantlings 
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Attachment  32  -  R.J.  PFEIFFER  Still  Water  Bending  Moments  and  Shear  Forces 


Stillwater:  Seagoing  Condition 

Bending  Moments  BM 

Shear  Forces  SF 

Frame  No. 

■HMISSHH 

wMMimmm 

OL 

0 

0 

0 

0 

0.3L 

1960766 

-1317970 

32616 

-27787 

0.7L 

1960766 

-1317970 

32616 

-27787 

1.0L 

0 

0 

0 

0 
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NSRP  #6-96-1 


11/01/00 


Attachment  33  -  R.J.  PFEIFFER  Plate  Arrangement:  Midship  Section  -  GL  Final  Scantlings 


Functional  Element  Item 

Start  of  Plate 

Sym. 

Mai 

Design  Criteria 

_ Attributes _ 

End  of  Plate 

SHELL 

Keel 

BEGIN 

B=2150.0 

Right 

17 

P+S 

1 

S 

SHELL 

A 

AUTO 

B=2700.0 

Right 

17 

P+S 

1 

s 

SHELL 

B 

AUTO 

B=2700.0 

Right 

17.5 

P+S 

1 

s 

SHELL 

C 

AUTO 

B=2700.0 

Right 

18.5 

P+S 

1 

s 

SHELL 

D 

AUTO 

B=2700.0 

Right 

18 

P+S 

1 

s 

SHELL 

E 

AUTO 

IB+100.0 

Right 

14.5 

P+S 

1 

s 

SHELL 

F 

AUTO 

B=2700.0 

Right 

14.5 

P+S 

1 

s 

SHELL 

G 

AUTO 

B=2700.0 

Right 

14 

P+S 

1 

s 

SHELL 

H 

AUTO 

B=2700.0 

Right 

14 

P+S 

1 

s 

SHELL 

1 

AUTO 

B=2700.0 

Right 

14 

P+S 

1 

s 

SHELL 

J 

AUTO 

B=2700.0 

Right 

17 

P+S 

1 

s 

SHELL 

K 

AUTO 

DK  2-100.0 

Right 

17.5 

P+S 

1 

s 

SHELL 

L 

AUTO 

END-2222.5 

Right 

25 

P+S 

3 

s 

SHELL 

M 

AUTO 

END 

Right 

25 

P+S 

3 

s 

IB 

pH 

BEGIN 

B=2700.0 

I 

P+S 

1 

IB 

IB 

Pl2 

AUTO 

B=2700.0 

Left 

15 

P+S 

1 

IB 

IB 

pl3 

AUTO 

B=2700.0 

Left 

15 

P+S 

1 

IB 

IB 

pl4 

AUTO 

Y= 10897.0 

Left 

15 

P+S 

1 

IB 

IB 

pl5 

AUTO 

END 

Left 

15 

P+S 

1 

IB 

DK_1 

pH 

BEGIN 

END 

Left 

25 

P+S 

3 

WD 

DK_2 

pH 

BEGIN 

END 

Left 

15 

P+S 

1 

DK_4 

pH 

BEGIN 

Y=13563.0 

Left 

13 

P+S 

1 

DK_4 

pl2 

AUTO 

END 

Left 

12 

P+S 

1 

LB_1 

pH 

BEGIN 

B=2971.8 

Left 

13.5 

P+S 

1 

LB_1 

pl2 

AUTO 

B=2971.8 

Left 

11.5 

P+S 

1 

LB_1 

pl3 

AUTO 

B=2971.8 

Left 

14 

P+S 

1 

LB_1 

314 

AUTO 

DK  2-100.0 

Left 

16 

P+S 

1 
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Functional  Element 

Item 

Start  of  Plate 

Sym. 

Design  Criteria 

Attribute 

s 

End  of  Plate 

Mat 

LB_1 

pl5 

AUTO 

END-2222.5 

Left 

25 

P+S 

3 

LB_1 

pl6 

Left 

P+S 

b39HH 

25 

3 

LB_2 

Pit 

BEGIN 

END 

Left 

15 

P+S 

1 

LG_00 

pll 

BEGIN 

END 

Left 

11.5 

p 

1 

LG_13 

pH 

BEGIN 

END 

Left 

11 

P+S 

1 

LG_10 

pll 

BEGIN 

END 

Left 

14 

P+S 

1 

LG_07 

pll 

BEGIN 

END 

Left 

11 

P+S 

1 

LG_04 

pll 

BEGIN 

END 

Left 

11 

P+S 

1 

CO_1 

pll 

BEGIN 

END 

Left 

25 

CO 

CO_2 

pll 

BEGIN 

END 

Left 

25 

P+S 

CO 
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Attachment  34  -  R.J.  PFEIFFER  Stiffener  Arrangement:  Midship  Section  -  GL  Final  Scantlings 


Dimensions 


Bath  Iron  Works  -  A  General  Dynamics  Company 


NSRP  #6-96-1  11/01/00 

Attachment  35  -  R.J.  PFEIFFER  Midship  Section:  GL  Final  Scantlings 
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NSRP  #6-96-1 

11.0  APPENDIX  2 

This  appendix  includes  the  tables  for  the  qualitative  and  regulatory  analyses: 

•  SWBS  Group  1 00  -  Hull  Structure 

•  SWBS  Group  200  -  Propulsion  Plant 

•  SWBS  Group  300  -  Electric  Plant 

•  SWBS  Group  400  -  Command  and  Surveillance 

•  SWBS  Group  500  -  Auxiliary  Systems 

•  SWBS  Group  600  -  Outfit  and  Furnishings 

•  Regulatory  Analysis  -  Safety  Indices 

•  Regulatory  Analysis  -  Comparison  Level  Analysis 

•  U.S.  Navy  Ship  Work  Breakdown  Structure  (SWBS) 


11/01/00 
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No  Significant  Difference  Identified 
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No  Significant  Difference 

DNV  has  additional  rules  for  masts  and 
stacks. 

DNV  has  additional  rules  for  masts  and 
stacks. 

No  rules  found  in  LR.  I 

No  Significant  Difference  Identified 

Foundations  requirements  for  ABS  only 
included  engine  mounts. 

DNV  had  additional  rules  for  structure 
foundations. 
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Mo  Significant  Difference 

No  compartment  testing  found  in  ABS 
rules. 
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Part  C,  Ch  20-27:  These  Chapters 
deal  with  special  equipment  or 
structures. 

None  Found 
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None  Found 

None  Found 

SPECIAL  STRUCTURES 

STRUCTURAL  CASTINGS  & 

FORGINGS 

|  STACKS 

SEA  CHESTS 

BALLISTIC  PLATING 

SONAR  DOMES 

SPONSORS 

HULL  STRUCTURAL  CLOSURES 

DECKHOUSE  STRUCTURAL 
CLOSURES 

O 

LU 

K 

D 

» 

0 

-1 

L> 

LU 

/> 

O 

a. 

x 

D 

3. 

-1 

< 

J 

U 

X 

/) 

MASTS ,  KINGPOSTS,  AND  SERVICE 
PLATFORMS 

MASTS  TOWERS  TETRAPODS 

KINGPOSTS  AND  SUPPORT  FRAMES 

w 

s 

X 

0 

X 

5 

X 

u 

J 

> 

X 

u 

n 

FOUNDATIONS 

HULL  STRUCTURE  FOUNDATIONS 

PROPULSION  PLANT  FOUNDATIONS 

ELECTRIC  PLANT  FOUNDATIONS 

COMMAND  &  SURVEILLANCE 
FOUNDATIONS 

AUXILIARY  SYSTEMS  FOUNDATIONS 

OUTFIT  &  FURNISHINGS 
FOUNDATIONS 

ARMAMENT  FOUNDATIONS 

SPECIAL  PURPOSE  SYSTEMS  \ 

BALLAST  FIXED  LEAD  [ 

COMPARTMENT  TESTING 

ERECTION  OF  SUB  SECTIONS 
(PROGRESS  REPORT  ONLY) 

WELDS  &  MILL  TOLERANCE 

FREE  FLOODING  LIQUIDS  | 

HULL  REPAIR  PARTS  AND  SPECIAL 
TOOLS 

o 

<0 

161 

CM 

co 

|  163 

|  164 

|  165 

166 

167 

168 

J) 

£> 

170 

171 

CM 

h- 

7) 

180 

co 

CM 

CO 

ro 

DO 

184 

185 

<o 

CO 

187 

| 

n 

£ 

O) 

195 

8 

198  | 

i 

Bath  iron  Works  -  A  General  Dynamics  Company 


Propulsion  -  200  11/01  /qq 


CD 


Bath  Iron  Works  -  A  General  Dynamics  Company 


NSRP  #6-96-1  Propulsion  -  200  11/01/00 


1  »  w  » 

2  |  I  s 

o-STSfi 
£  ,E  a  £  c 
©  «  w  o  £ 

ip  a)  ©  ■*— 

*ss  ?-g 


a.  •=  «  f 
O  e  O  ®  v 
c  -3  w  ro  o 
cl  E  %  £  Z 

©  ro  2  c  © 

sails 

ll 

tO  O)  Tn  _  © 
3  C  "  ®  m 

w  =  £  6  E 

©  £  O  CD  © 

®  c  E  £  ■— 
1 1 1 .!  | 


*  to 

o  § 

I 

0  fT 

I  3 

40  T3 
®  “ 

f  2 

I  3 
$  ® 


©  % 
<  | 


|  S' 

I? 

0)3 

3g 


f| 

o-l 

£  8 


II 

Ml 
.©>  ©  E  5 
W  T5  • 

^  S  ■« 

ci  -O  g> 
o  5  -S 
w  c| 
N*°® 
Si  ® 

°  f  - 
■»-!  8 
£  8  s 


«  c 
®  o 

a  ® 

S  8. 
e  °- 


i  i 


1  ai  | 

9  «  S  |  ™ 
§f  c  £ 

£  <D  w 


|8 

S<3 

c  • 
.2*  <o 

V)  O 
(J>  to 
"O  T) 


a  g 

£  5 


«  "-I 
8. | 
If 

Vh 

“III 

si: 

CO  o  © 

«  e'2 

r  o 

e  s? 

£  J 


£  g. 

S'  I  £ 

J«E 
«  5  o 
“>  &  c?  ~| 
«  c  £  £ 

Si  "  = 
«i  c'{ 

ll  I  <2 

!|L 
»  If  SI 

M  mg 
5  3 

£  5  S 
o  C 

“  g  ®  e 

CL  ©  O  LLI 


ft 
©  " 
E  1 


i  2  i 

a  si 
*“>  ©  •{= 
g  3  2 


II 

.  £ 

sf 

C  O 
<0  to 


c  6  s 

TO  ■©  t 

I 


CO  C 
N?  s 

« s  ® 
2?1 


S-®  i 

©  N  2 

CO  E  c 

s£§ 


I 


■  ©  32 
■o  £ 
to  © 

JO  (O 

|  S'  £  1  i 

!s  il  s 

ls.|  ss1 

1 1  %  §  » 

:  x:  sz  <0  ■& 

2  S  oi 

Z  S  a  g  il  2 


Ml 

Own 
•  to  =£ 

2  is 

Q.  to 


2 

Ml 

:  ©  © 

'  8  g  g, 


■  ©  G 

BfiS, 

_  g  o>© 

si 

•  I  s  » 

TO  b  p  TO 
B  TO  P  O 
®  £  C  TO 

S  e  §  .a 

)  =  .£  TO  « 

■  *  ?2  S. 

'If. if* 

I  1  *  I  8 

■5  a.  ©  43 
?  &S8  - 

9  c  'J  5  ? 


a.  p  -§  -c  Z 

« « #  8  B| 

1 1 » i  I 

§c  o>  ©  ©  — 
c  £  a 
©  I—  to 


O  * 

E  2 


i w  '6 

JO  := 

go 
©  z 

I§ 

3  § 

.3  2 
«o 

8*21 

<SQ 


3  ?! 

o 


*r  .2 

Si 

SI 

w  © 

£  o 


•i  £  ? 

©  2  >*  ©  ; 
©  ©  £  £  «  • 
*-  a  ®  °  ©  , 
©  ©  ifi  ©  '£  i 
c  Q-  to  e  ® 

©  w  T3  ©  ©  1 

£■©©©£< 

plii.: 

Fffili 

g  <5  f  S  3  , 

8 1  i  5  s  ] 


e  s 


_  8  ® 
S  E  © 
to  o  *5 

2  8.! 
8  »  S 


8  a 

II 


o 

V 

£  £ 


?  g  S 


O  TO  5  c 

«lli 

S  » s  s  | 

o  ©  €  B 

2  €  P  p 
£  3  ti  o. . 


£  1 
*  8|p 
Sg  1 

CO  OT  l-= 
N  C 
£  ° 

51 


s 

<0  . 


O  E 
t)  3 
£  " 


a  a 


TO  5 
<o  I 


°.S 
0  2 
r  i 


£«■ 


X3  (0  £3 


C  £  .£ 

lea 
'r.  g  ® 
«•>©>.© 
£0  O)  c  C 

#i  o  o  &- 
O  c  .52  s 
©  3  « 

“3g  S 

S  i^a 

M 

£  .1 1  i 


g 

ten  « 

§  ©  5 
«  S»-g  c 
«  15  5  © 

|  TO  1  E 

“§lf 

©  n  z  ■= 

■a  ©  © 

.a  1 1  § 

“lit 

©  ^  8.  c 

t  ©  E  2 
§28" 
“T  m  © 

f3£ 

Ilil 

W  > 

gg 


13  S' 

|IS] 

•?  ©  I  i 
rt,S  vj 
S?c 


s 

off 

°'§I 

£j§ 


£ 
o  o 


I  £-11 

g  S  8- S' 


to  ©  jE:  w 

S  ifl 

M  TO  g  O) 

s  sl I 
“|  S  g 

S  8  s| 
»tl  I  B 

£  O  E  to  S 


g  8  „  S 

'.*n  ^  ©  to 

TO  ®  3  8 

if  8 

i  ill 

3)  •= 


TO  « 
2>  « 
TO 


isti 

z  =5  S  =s 


5  «  B  i 

W  C  TO  © 

«  2  a  S  to 

fligl 
©©!-=© 
O  o  £  S  E 


c  2  S 


III: 

O  TO  TO  ' 
®  O  in 

a  I !  ’_ 
y  31  S 
I  Sp 

<  TO 

5  gt 


i  8  £ 

CL  -q  to 


©  g) 

S  *c 

2  o 

II 

s'l 
0)  © 

£  TO 

©  S 

>  .© 

to  o  o 
®  «  TO 

,®  E  © 
SB'S 
8  C  ? 

III 


2  C 

. «  £  o 

Lb  ©  § 


i 


8  | 
5  S 


S  i 
(0  © 

» 

O  TO 

«  > 

CO  o 

CM*  {£ 

XZ  o 
O  E  1 

•  ©  I 

°  g_ 
£32 


2.^ 
©■  o)  8 
I  ©  c 
C  B  to 
o>  ©  c 

1'8  $5 

Pc© 

_  TO  fc 

©  z; 

>>  5  ® 

TO  g  g 

S  I  &- 

TO  2  to 

ill  | 

|C'5  3 

3  §  ST 
|z  8  a: . 


c  I 
I  § 
Is 
1.2 


g 

a  I 
1 1 
1  f 

CD  ^ 
TO  T3 

P  TO 


»  I 
1 1  2 
<0  g  ~ 

8|| 

;3g 

g  8  s 

»  S  £ 

o  to  a 

Si  I  i 


III 

XI  £  TO 

s  !  | 

O  ©  “- 


w  %  2 

« iff  © 

w  w  5 
£  «  O 

O  «"5 

*li 

£58 


TO  TO 


* 

|is 

,©  <n  C 
I-  g  TO 
..  3  ^ 
tf>  to  ” 


(0 


;  ©  o> 

^ff 

of”, 
o-l  a 
£  t£ 


s  a 

c  * 

ga 

as 
go 
S 1 

o>  ^ 

8. I 

<n  S 
-ra 

il 


«  « 
TO  ” 
CO  *0 

25  v> 

si 

to  * 


5f|Sf 

£  m  f  £  jtl 


c  O  c 

TO  TO  w? 

g  a' I® 

§  So 

s  S  8 

®  a  g 
o  “O 

m  “  u. 

™'S«_ 

o  ©  o  © 

if  it 

CO  g^CO 

m"  m“ 

jc  'Z  n 

O  go  2 
£j2£_ S 


if 

to  a 

S  I? 
a  ®  g 

o  40  O 

U1  8  to 


ill 

,»  ©  ®  'C 

!  £  -f 

is  i 

root 


•|a! 

w  «  } 
©  ©  • 


jj  3 
5*5 

s.§ 

co  ■* 

N 


ll* 

=  Q.  TO 
;£□ 
j  co  © 

•  i.  -I 


Su?l 
%  <0  1 


-I 

s  'E  TO  f  JH 

18  IHS 

fT3  at 
-  C  O.JU. 
k  TO  TO  CL 


”  < 

o  t 
oc  < 

a  S 


<£3 

“g 

il 

CL  =J 
O  X 

or  => 
0-  < 


z  CD 

CO  Z 


05  S 

zQ 

^  o 
=>  \k 

Ol  t- 

o  o: 

a:  lu 
0.  O; 


O 

o 

-1 

< 

z 

a:  - 


ZLL 

LU 

gg 

l| 

CL  2 

O  (D 
a:  z 

CL  UJ 


{f,  < 


o® 
»« 
CL  2 

o  o 

QC  Z 
CL  UJ 


IK  < 

y  5 


O  CD 
CK  Z 
CL  UJ 


coz 

Se 

§ 

§1 
u,  ^ 

ll 

go 


a  2 
O  (3 


2 

O 

t— 

CO 

I  ffi 
o^ 

ys 

li 

il 

O  < 


o  o 

QC  Z 

a.  lu 


<0  LU 
3  H 

00  T3 
8| 
3fi 

I§; 

UJ  U. 


6  °l 

^  w| 

O  CD 
cr  z1 

CL  UJ 


Bath  Iron  Works  -  A  General  Dynamics  Company 


NSRP  #6-96-1  Propulsion  -  200  1 1/01/00 


a 

© 

©‘ 

€ 

8 

tn 

1— 

CO 

© 

o 

©  C 
V>  .5 

M  2 

v> 

v> 

£ 

o 

§  i 

3 

Q 

a  3 

o 

£ 

£  -S 

CO  X 

3  3 

^  to 

!  z  >  C 
.  Z  .2 

»  Q  « 

5  -o  K 

)  ra  2 
£  *  ^ 

“ill 
s  S, 
“  »  ,2  "I 

©  a) 

s  JS  I 

go  T. 

c  » 

© 

'■  2  tj 

w  3.2  >1 

?I  a 


CD  r  ^ 

li.2 

If  ° 

|w  -o  - 
o  c 
at  co 

]f| 


o  E 

'''I 
£  5 


I 

a. . 

"1 

© 

B  | 

8  § 
m  — 


IJ 


E 

1 

I  8 
I  2 


•s  e  ® 

|S  g  2 
.§>8 

Slfl 

g  3  ■  s 

II 18 

Lo  ® 


fl 


TO  S 

jc  £ 

2  i 

c  o 

1  ,£*  -5?  © 

II  «  I 

2  ©  g 

3  >  $ 

•o  ©  JO 
<o  ®  « 

®  ID  3 

2  ©  F 

3  ®  c 
P  ©  <0 

-  §  n»  5 

S  “  '8  !  8 
<<o5 


I« 

u 


in 


iii 

-  5  HI 
$  c  w 
c  ©  £ 

Iff 

»  25 

©  <D  > 
■O  Q.  © 
©  O  > 
£  ©  » 


O  X 


8 


j  g?a  S 
Is  s  *  8 

ge  T>  © 

)  ©  ©  C  is 
:  tt!  o  hi  io 


2  . 

If 

O)  at 

gf 


£  © 
c  £  © 
o  c  £ 

III 

w  p  « 

£b  © 
c  -a 

£|I 

ill 


©  TJ  • 
£  " 

E 
5 


>  2  © 


<  |  s 

iii 

'5  2  2 
©  © 

-S  co  —  co 

!i"l 
?.?  ~ 
<  co  co  ©  co 


8 1  | 

|lsl 

13  o  c 

sfi 

H  |  g 
«  1 6 
g  5  »' 
wot 
.  -  © 
•*  2  © 

6  E| 

1 1 
£38 


i'Sc 

Sf  | 
»  8  " 
E  8 


■a  _i 


€  * 
o  J5S 

I  “S’ 

c  O  — 

O)  LU  ra 

To:i 

b  di  & 

3  .s  s 
gf  i 

Cfl  c  © 

•C  «?■§ 

O  |  E  2 

w  ®  c 

£  I  11 


fi‘eS 

2 

£1 
c  © 
o>  C  n 

co  *  y 

©  CO 

? .go 


g  I  £ 

m  2  fi 


2 

Sill 


o  « 
«  © 
v  '2 


3  [ 

?! 

^ ' 
■g  < 


£  S 


2  S 

»  1  , 
■9"  °  ©  •.§ 

a  oi,£  © . 

fit*' 

2  z  C  u. 

co  ox: 

?  5  |  ® 

_^  ©  c  o 

^  £  o  o 

Off® 

off 

Ell 


=  2  £  2  d 

2  o  c  CO  .OJ 

8  E  °  g  I 
£  a  g  ®  -8 

1 11  |t 

liilf 


ill 

HI 


«<5 

©  -  CJ> 

t  if 

I#  n  m 

£ii 

jO  q 

*  -  o 

Si* 

°Je 

ww  g 
:  jSit 

£  q..e  !5 


iii 
in, 
|i|i 

4| 

Si  I 

8  8 
CO  o 

w*  ©  e 

fit!  6 

O  2*  E 
'*“’1  ? 
£  3.  8j 


!2  8 

I  I 

i)S 

o  C  D- 


—  C  to 

®|i 

5  !  p' 

2iig 

Nacf 
jj  •=■  2  © 

o  H  i 

£tti 

£  3  0.2 


c  ©  g 

o  OL  Jg 
»?« 
Rg  S' 

£  &c 
■8  »  8 

i«=- 

a 

r|« 

ill. 

Hl| 

5115 
sill 


©  p 

g-  ©  i 

sM 

S  f  « 

8  a  * 
SSI 
st| 

u  £  « 

©  O  CO 

“il 

“  8  1 
^T3Q.7= 


IS 

II 
1 1 

id  O 
*1 
,S  s. 


0  J= 

f  % 


g  1 1 

lg  I 

e  » 1  s 

self 

|g  ji 

©  ©  2  '5 

m* 

III  | 

«  #_•» 

©  £  S  C  w, 

oils® 

Q-  ©  o  ©  £ 


t;  a 

Jo  2 

CL  O 


3 

••e 

2.  o 

s| 

2  i: 

Sgi 


O 

M»  3 

M  ra 

£  £ 


z 

O  w 

Hi 

2  m 

°  t 

OL  < 
CL  5] 


a:  uj 

3  2 
H  CL 
00  5; 

S31 

o  S 

i§ 

Q-  < 


(/> 

HI 

Z 

m 

cc 

3 

51; 

O  C 


3  ffi 

£l 


<  g  < 


S  sj 

S  S 

22 
L  Vi 


co 

r- 


Bath  Iron  Works  -  A  General  Dynamics  Company 


1  3  » 

C  «  s  f 

0  QQ  p  c 

S  t  fc-f  ® 
s  w  ro  s  2> 

fill 

- !  1  - ! 

2  ro  «  £  -5 

,  s  -2.  o>  p 

i  a?i  i 

-  a  £  |  5, 
5  -  r*  «>  « 
D  -  ©  m  S’ 
:  n  >  e  -Q 

ii;*s 
If  si  1 

:  ril  s 

:  >  a  ?  §• 

)»  a  «  » 


is  II  5 
!  o  o  .®  « 


■  2,  °  «  ® 
;  ?|  ?i 

^S8» 


ro  £  ^  O 

c  ip  O  7 

1  1  O  !2 

n  »g  w 

Sega 

8  :ass 

iE  ®  cc  Q 
c  3  in  O 
.5>  a:  [v  <y) 
WWQUJ 

ODI5I 

2  < 


S  c  55 

sijs.  • 

If  tf 

Is  *3 

«  ?  |  |  n 

£  |  S  ’*  S 
in  » 1  s  :&  s 
y  S  I!  |  2  , 
5  Sff  §  1’ 
8?  tie  g>: 


w  ,9  &  d 
L_  l-J  W  E 
2  5  S'  2 

Jiff 

|3'S  § 

If  a® 

si*£ 

££c§ 
W  -o  ro 
9  c  -  c 

<  TO  £  03 


2 

ro 

c 

ro 

•J3 

ro 

11 

..  *0 

s  § 
ft 

S 

•?  i 

«  Q 

w  0 

ro 

1? 
n  v= 

•  •  a 

;I 

52  c 

^  ro 

°-S 
0 1 

6  | 

9  '0 
■2  9 

tfJB 

“  in 

3  g- 

£  8 

g  5T 

«*  *■  8-° 

SfS|! 

a  1  ef  §  > 

g  S-g 


ro  °*  vf  ro 
S  o,  Q-  5 

x»  c  fc  -p 

01  Cl  2  ® 

,2  'fi  ^  J 
u  "'■'  S  o) 

©  <0  ta  > 
s  c  w  c 
o  5  c  ® 

m  ®  Hi  m 

lo-S® 
•  J*  C  . 

g  2  8  s 

“5t8 

;  S  |  -a 
£  c  Q-S 

°.8  o  5 

»T3ti  > 

Eero® 
ro  -c  > 


*  il 

J=  «  £-  £* 

O  E  «  ® 
»  |  El 

x.  s-3.1 


<vf  ®  ^-  o 

e*sf 

uf  ®  u>  I 

£&£  g 


SC  t  D  o 

.roc  c  , 
c  _  ®  ro 
5  -2>  £  £*  §  ‘ 

illii'! 

E'ijl  £  |  : 

|  1“  £2  I’ 

S8?  If 

:-s»  tii£' 

|  s£t  !“.j 

\  raO  I  3  O  j 

|l;  s  |f 

i-s  £  e  §.£  i 


gf  §  8 

<8  *  5 

£  S£  1 


■I  «  s  c 

p  g  g  g 

fl.il 
*1-1  8 
w  .9  «c  c 

£  5  i2  O 

S  3  -2  S 

^*a<8  | 

,  I  Q.  ffl  in 

Xs.es 


u.  «S  «  ffi 
-2  »  « 

S-  E  -  ? 
©  2  c 

u>  §,12 

3»oc 

9  2  -  P 
5  ro  e  = 

542 
to  ro  ro  c 
£  c  ^  S 
°.  8  |  & 
»58E 

£  5  »  8 


ro  ro  > 

X  S  X  S 

Ul  c  u]  is 
^InS 

S  |SI 
I^Jl 
2  S  2  £ 

O  ro‘0  g 

*  ®  n  ® 
g5g£ 


Bath  Iron  Works  -  A  General  Dynamics  Company 


NSRP  #6-96-1  Electrical  -  300  1 1/01/00 


00 


>> 

c 

CO 

Q. 

E 

o 

O 

to 

g 

E 

co 

c 

>» 

Q 


a) 

c 

< D 
0 


CO 

CO 


LO 

00 


Bath  Iron  Works  -  A  General  Dynamics  Company 


NSRP  #6-96-1  Electrical  -  300 


CD 

00 


Bath  Iron  Works  -  A  General  Dynamics  Company 


Bath  Iron  Works  -  A  General  Dynamics  Company 


>* 

c 

CO 

Q. 

£ 

o 

O 


E 

CD 

C 

d) 

CD 

< 

i 

w 

■6 

i 


(0 

CO 


e 

E 

o 

O 

O0 

TJ 

c 

<0 

E 

E 

o 


CO 

i 

Q. 

CC 

CO 

z 


5  * 

•  3 
i/i  0 


£« 


g  S 
I'S 


8 

gS  2® 


S3o5-I 


s  s  : 


O  £  3 

O  g  15 
*  *  ©}  •£ 
JC  «  15 

Hi  1 


!  EE'; 


£  Si- 

.  Jo  • 

>1  8  »r 

'Q I !  s 

£  0  to 

SS.§  , 


£jl_| 


3 !  I 

fS!' 


O  o.  m 

fr|  E 
g  8  £ 

p>  j2  2  . 

1  1 1 
•  i  2 
||e 

S  E  w 

2  s  * 

«  «  € 

£>*  o 

M  CO 


E 

I  ■? 

■o  »•  -S 
c  w  2 

W  TJ  O) 
-5T  ©  © 

I  £  .1 

ga  „• 


CO  t  C  Js  3  c 


g  o  1 1  K  S' 
He  S-I*  c 

<0.0  £  ^  CO  O 

h  §  I  i  h  | 

Z  3  >.  5»  Z  ^ 

£  <  fr£  4; 


1  J. 
Hi 

■9  c*- 
o  g  s'l 

H  is 


.2  ® 

f  s 


■O  S 

Si 


CO  © 


S  | 

I  I 
ii 

5  -a 

cr  >, 

<D  C 

8  1  8 
•?<=■?' 
s  ®  g 
I  e! 


8  _o 
f  S  « 
|B£ 

III 

£  8  f 


Ei 


:  O  ®  2" 
I'S® 

O  CL  ». 

!  b  '5  c 
C  S’  O 
.  8  *  .» 

«  CO 

i  I  !  E  i 

:  E  I  S  _ 

:IIlI 


8H 

t*l 

s  g 
s  1 
g  i 
H  | 

<u  £ 

Hi  , 

«®  -5  ~ 

- s  § 
,-g  i 


"I 

8 


o 

■cf 

£  £1 


o 

o§ 

35 

Q  O 
z  ca 

h 

Ii 


,®  Cl 

|  & 
5  SSS 

51*1 

“  §  si 

E«®5 

©  ©  2  o> 

W  jC  5 

“  I  ™ 

g  8  8-S 

oS  t£ 
0  g»  s 
.?«  £  » 
|g,sf 

2  I  ! 

I  £  “ 

1*3  *»-  © 

cue 
©  ©  * 

£  e2 
-?§2 
I  w  1 

If  s 


T§ 

3 

f 

5 

s  .1  f  o  § 

E  w| 
©  ®  © 


S  £ 
*  .£ 
o I  g 

?  ss 

h  §  tj 
«  |  — 
2  1| 
g  8  « 
g  £  e 

il  s 

g  5  e 

=  <  ro 

l«  x  ^ 

■2.5  s 
l§'5| 


allf 

s  g  f 

I  f  = 

®  "s  | 


2>S2 
1  S  "  . 

m  ®  o>  si 

s  i  a  e 
a z  2°. 

?*1" 

So- 

III, 

flli 


It  el 

I|«l 
2,1  8^ 

1112 

=  |f  I 

9  co 
>>  o  c 


a»l 

3  c  iS 

c  o  o 
«  5  c 

6  S) 


©  « 

55  ®  « 
co  73  c 


.  ®  -S  Q.  c 

£  S  2  I  II8 

O  z  w  8  El ^ 


-  a  a 

c  £  _ 

I  8  |  § 

•5  g  S  I 

u  E  Z  9 
111  ®  ^  c 

^  E  3  © 

©  r»  oi 

ml 

of  OC  "3  <5 

O  |  |  i. 

»|  |  f, 

toz« 


c  —  C  ©  C  P 

ii*!  l 

-  13  w  «  2; 
g  .S  g,  «  -c  o 


m  S  g  £  ® 

o  ®  ©  .2  D 

g  3 

l  .  U  ffl  r.  xa 

:  ®  g  s  i  «- 

52&fg 


[  o  -c 


£D  S=  £  I 


^  <o 

1  o  <5  © 
c  H  in 
c  © 

3  -O 

E  © 

iz  i ! 


£2 
.11  i 
if  51 

■8  3  = 
8  £1 

III  I  I 
filfi 

:  S£ 


,_  C  £  <5  < 

??  ©  ©  ^  o  ‘ 

1 1 1 1 1 

il'Ilii 

Ifni 

|S  1  fi  !  8  I 

a  n  2  8 1 

g«!  sii 

a  du  $□ ] 

J If  II | 

\-=  o  oi  o  S  1 

S'l  |  8  | 

||!ri  ii 

i  n  m 


ns 


5  S  g  0  O 

c  S  g  p  « 

ii  soi. 

IS  2  9  S^, 

lag  o  s  2 

p  ®  ©  2  ©  S' 

^  £  S  S?  "  ® 
E: 


I  £fi 


£  I 


2  . 

ill 

!  1 1 
!  ?  •  - 
*«.s 


3  c 
8  8 
W  CO 

CO  o 

Sis'! 

X  1  g  S 

sli? 


S«5  ii 

«|  8.c 


&2 ■  i 

i|i 

2  o> 


LU  2 


53 


©  cow  of 

c  ra£  _ 

£  €  »  o 

?  1 1  jf 
©  ^  ©  £ 
•3®  -  O) 

*  g|  g 

5  f  =»5 

s  Sill 

.  c  «  (5  I 

~  g  S  g  g 

Hi  Iti 

5  s  2 


i-a 
fit 
ilk 
If! 
SiL 

1  sf 
■g  s 

o»  F 

2  ©  , 

£  V> 


*  2  £  «  ‘S  “  >»s  § 

£  E£  e  <  m>  <o  .£  z 


*3f 

■S' 


-f 

2 


3  i  i  91 

id1 

a  c  c 

_  o 


© 

S  c  « 

|  S  2 

“  ■=  £ 


CO  © 

o  z 

I  s  < 


C  £  s 

I?  |  •§ 

,w  ”  8  g 

liii- 

EI  S  § 

CO  >  ° 

®Sf 

1*1 
|«S  ©  ©  •*- 
©  o»  £  .2 
c  r>  j£  m 
=  *c  ?E  © 
w  o  T>  i5 


O 


_  o> 

^  © 

£  z 


■  g»  CO 

£  |  E| 
S  8 


c  © 

I  ?ls 


Iff 

•g  P  -o 

0)3- 
'5  £  T3 

si  5 

If  8 
8t| 
H|l 

”  2  0 


e£ 


•a.  8  < 
3  ali 


SI  Ss 

o  ©  CO  TO 

tn  3  O 

|  §  a  2 

l||! 

ISJS 

$■“81 

fill 

©  !?  3  w 
■=  «  p)  C 

8  g  a  I 

|«S“» 

®  -S  ®  o  ® 
2  ©  o  ®  W| 

«  !  i  £  5 

g  g  g »-  yi 

fe  i  s  1 1 
£  1 1 1  81 
s  fe  §.£  2 

13  m  =  >  ©I 

o:  o)i  5 


>. 

c 

TO 

CL 

E 

© 


E 

to 

c 

>* 

Q 


d) 

c 

OJ 

O 


I 


£ 

to 

CO 


Bath  Iron  Works  -  A  General  Dynamics  Company 


CO 

Oi 


Bath  Iron  Works  -  A  General  Dynamics  Company 


<D  •  _  O  — 

m  o  $  c 
E  s  f 

u>  5  a,®  e 

8  “  I  t>  £ 
»  f  "  g.  § 

8  till 


*-  g  «f 

O  E  i= 

£  8 
CO  ~  <n 

it 

§!i 

*-f  1? 

«  a  la 


o  2  | 
2*8 
Q  o  _- 

Z  2 

g  8 

1"  S.1 

®s;» 

Q  £  i  * 

?  O  £  c 

<  .  E  o 
0  «  S>  S 
?£68 
Q  T - , 


I*  Sf 

I  8  8  L 

T3  c  JC  O 
8,1.8* 
So? 

8  £  8  s 

_c  ro  ©  > 

>^|z 

Z  Z  15  Q 

q  «*  s  r 

181 1 

g  <  *  a. 

S  *  8.0, 

1  Iff 

0)  .£  ©  S  J 

Jk  «  2  <D 
£  O  w  o  .9 
?  u.  >■  c  a 
£1  (S  o  oi 

.5  ._  8  55  c 
^  O  ^  «  -o 

ft  8.1  I 

Q-  i-  u)  TJ  w 


o  t;  2  « 

a>  Q>  «  3 
<0  £•  >,  ® 
^  0-  c  -Q 

?  -g  o  a 

£  (D  ^  ■g 
o  w  75  CD 

Q*  |  1  1 

£®  S.  3 

>  tn  v> 


j  s  &  *  i 

r  <d  ®  ?  ^ 

!  Ss  I  8 

■  CL  CL  >  O 


O  CO  O 

D-  Q  £L  UJ 
a-  X  CL  £ 
J  111  -J  1 

zfizS 

tu  □  UJ  J 
O  iL  O  0. 


o  >»  ■=  5 

=  <0  2  TJ 

iS  ra  2  E  i 

i  g  §  1 1 

»£  .9-  CJ>  OT  I 

fi  ^  to  ST  j 

a  -  §  g>! 

8  8  1  I ; 

«  „  ®  a  »'  i 

SIS  2 J  ; 
■»'  8  ■*'  “  I  •! 
£  s  £  <3  8  j 


8 1  §  °  2 
i  io  o  S' 

.  S  "T  2  © 

J  c  t-  iS  -C 

ipif 

>  §>  O  ©  g 

>.  s  n  s  ®  ^ 


.1  * 

I 

°  c  w  0 
W  O  m  ® 

<5  ^  ®  » 

IS|  8 

f  »  e  § 

I.  ~  -jj 
>  <=  »  c 

S  E  8* 
“ill 

Sg>8« 

O  G  6.  I5 
§  ©S3 

ft*  5  &  4 

o.  w  «  O 


0-  5  CL 
<  “■  <  ° 
LU  *>!)  LU  Q 

zwzz 

ID  LLJ  UJ  O 

O  Q  o  CD 


n  »  «•> 

i  3  g 

<4  ¥  4  8 

!  S  |  8  8 

<0  e  <0  .* 
-  C  -  c 
s-  o  t-  ra 

c  °  S’ 

E  *  c  ^  2 

;  g  £  o  a:  i 


-  **  w '  v  © 

isNiiS! 

=1*1 8* 

i  §W5(0  c 

'  2  ia  §  (j  p 

!  E  fi  2  £  g 

j®Oo,o| 

>  c  Tf  E  ■*"  c 

>  «  Z  .9-  Z  © 

L  w  E  Q.  £L  2 


»  y 
8^§ 

»  g.£  $i 

3  .5  i  -Q  ? 

1  i  i  f  y 

5!  f 

.  W  *  g  t 

5  £-£  w  -2 
:  1  §  CTc 

2  Q  ID  ®,® 

o  •§,  03  »  “ 

- 1 * I 

s  E  a  E  ^  8 
5  «  ra  o  =  ® 

5  P  ®  1  §  § 

a  co  c  §  e  P 

2  2  S>  8- 5  ■o 

:>i2  <»«  3 

r  (o  c  P  s  .s 

S  5  |  I  2  t 

:  J  5  c|"o 


df£j 

t;  E  »  -g 
<0  §  e  2 
CL  <2  O  3 
3  m  m  ■*= 

alas 

O)  3  JT  0 

i  s  i  o 

5  -  v> 

£  T3  .  c 

»  C  “  o 
3  ®  Ss 
O  >>  m  — 

•e  <0  3 

5*3“ 

>  w  3  .£ 


g  *r  «  « 
p  S  -2  o 
p  c  2  S 
-|?c 

sss* 

.if  1 1 

I  If  I 

^  ro  «  -jj 

<d  o  «j  © 

g  «  1  ^ 

“m2® 

Ills 

SS  8  |. 

£  =  ro  -2 

3  *  |  2 

42  £•  ro 

O  ®  r  tJ 
(0  (3  CO  T> 

>,  g  <u  « 

8  s  1  # 

ff  S| 

I  all  j 


S’ 3  »c 

e  s  §  | 


■g  s  o  g 

>  <0  z  o 


^  2  « 

3  8  8  S' 

3  »€l 

„  ®  5  2 

S  a  »  3 
S|5? 

f  i. 
Sell 
»■  »  »  1 
£  O  «  5 


§1-825 

i  ||  3  I 

;||li 

i  2  §  “  2 

a  a  g  «  3 

III-? 

£  SiSf 


no® 

S  «  Ss 
S?SJ 
t?  .2  8  C 
2  »  8  £ 
n  j  =  Q? 

■2-  5?^  £ 

1“  || 

§  §J  I 

8  1  8  I 

<fl  m  „ 

C  .22  o’  T3 

.2  f  '5-  g  § 

>N  i=  .J=  '•» 

CT  w  w  .®  ® 

I  2  £  g  | 

c  3  fc«  S 

I I  f  *  & 

®  -  J  £  S 

.  P  o  ra  Y 

k  -S  —  W  O 

I  8l|g 

g  <g  C  >,  X 

?  5  TJ  m  0 
^  i  a  to 

®T3«gE 
H  -g  &  ct>  73 

tf  8 

c  .§ 

£  -g  o. 

I  ?g 
>  I  £  e 
«  8  51 
<°  S  i  1 

(S  -C  c  © 

V-  CF»  O  « 

Sill 

dill 

£  g.  8§ 


£  £  „ 

1  ft  If 

r"  ®  W  (n  m 
Q)  O  </)  . 

>  ®  8  £  £ 

«5?sS 

o  c  J3  a) 

«  ‘r  O  -  O) 

8ZI? 

2  8?8 ” c 

isi  2  f 1 
-!=»§  = 
iZlSill 


|s  3 

Q“  a 

ISlIl 

!il|i 

5  aS  8  g 

IS  I  |I 

»  §  g  g  8 

S  «o  O  —  /n 
=  '“  °>  O  D) 

■Scls 

5  §.  §  8  5 

B  w  <0  O  © 

=  3  la* 

1  I  8  §  |  & 

5  .2*  4?  p  "g  -c 

5  8  ?  I  I  " 

=  ?  I  1  2  s 

Ifjl  II 
ifllii 

2  re  >  8  CC  .2 


^  $  3  ^’8  5 

S||„S^| 

ro  p  ^  JT  CO 
£  I  I  a£  f  1 


4S  -S  S 

o  <0  c  k 

dill 

£  gj  3 


tr  co  S  i  b 

i*  s 

E  S  w  g-  »  c 
Q  eo  co  -o  E  £ 

^iifs 

„  .  2  o  <°  k 
«  S  c  •§  «  ® 

8  S  I  £  <  | 

•  1 1  *  ^  2 

5  e  s  I  i  i 
“'ll  111 

£  -g  n  g  £  S 


£  <l»  » 

2  </>  ® 

® 

j*  *®  “  "c 

s 

w  ^  g>  ro 

CL 

CL 

JO  1  ,0.  w 
.£  £  0.  .£ 

>5  o  <u 
i  v>  "3 
j  d  g  c 
to.  {go 

8  |g  | 

a  ®  S  " 

*•  >  Z.  ° 

sl!z 

1  a  %  e 

5  mfi  111 
3  O)  «g  ’g 

!il| 

» s  f  1 1 

1  III 

Sica 
w  ®  -  ® 

£  m  JO  2  g 

2  _  »  <D  a> 
fT  -F  m  £  = 

.  £  5 

|?“*8 
2  S  5  i  5 
«  g  ,®  fi  JS 
<2  g.  5  &  @ 
®  ST  o  o  ro 
o  £  w  8  ? 


§■  f  «  8 

UJ  -  S  S  j= 

If  s- ft  f 
iff  ill 

O)  i  o 

E  ®  <x  “  2  c 
■*5  c  </>  o  3  — 

“lllff 

^  c  -o  a.  O  <0 
£  «=  <P  .O  =  «, 


W  "2  <D 

l|f 

5  o  -1  «J 

So  J  « 

|l?s  1 

ills  S’ 

ifg'S  si 

m  l.  p  ^  S 

«  J  2 
«'  I  w  w  I 
I  ?  I  %  & 

^  <  s  ^ 


B  3  C 
®  P 

c  ra  5  ^ 
®  a  E 

S  8  «jS 

«  o  ® 

!?Si 

®  O  t  OT 

>  TJ  .2  W 

w  -2  ^  E 

_  CB  .  QJ 
C  is  W  c 

°-  l  l  a 

®|Se 

£l  8  8 


E  c  2  « 

^  J2  *2  •— 

C  r  M  p 

•—  5=  ®  .£ 

«  ®  ■=?  — 

jiff  f 

E  £  jg  j 

ll  & 

if  A  § 

^  E  <2  5 
2  ®  £  -Q 

I  g-  ®  It  £ 

>,  ^  5  §  JH 


£•«[  S* 

O  .®  »  !fc 

^  -s  ®  © 

3  0  O  B 

in? 

nil 


55s 

5  3  i 

<28 

||<s  is 

K  o:  Q  § 
uOuj  s 

x  <  x  y  3 

I-  S  h  <  O 


a  8-S  „ 

®  ©  5  C  J 

§  £  &  ;  _  [ 
5.  £  3  c  S  « 
E  o-  |  Q 

8  oi®  5  «  ! 

®  2  -g  %  £  i 

*1  |Sf  i 

2*  ^  5  i-  'o  i 

£  8  2>  £  §  i 
E  S  «  i  I' 

2-  fc  2  ©  ®  ! 

if t ”1 1 

If  is  |  i 

v>  ®  £  ©  l 

fsf|>| ! 

«  ©  §  2  £  * 

■s  ©  |  Q  *  ! 
i  1 5 4| J 
If  Is i ! 

i U 11 i 


«f.| 

5  »  2  S 

s*f  s 

Hi  s* 

O  F  ©‘  ® 

±*  TO  .£  £ 
O.  w  ot  O 


.EE  £ 

£  ®  ®  -C 

Is  |  5 

3  o  ra  o> 

co  ©  a)  rn 

H  ©  w  “> 

o  p>  5  ■«■  o 

w  5  prt 

«S  $  2» 
S®  E 
H  £  §  '«  s 

'2  S’  S  Q" 

£©  .y  £  ♦* 

©mod. 


■5  E  Si  s 
8  |i5 

*I|f 
1  s  I  ■ 

flD|«  » 

111  &J? 

g  l  n 

i°-«!  e 

!&»?! 

Q.  Q.  .C  Q.  O 


5?  .  -  ©  -fcj 
©  ©  O  3 

If  f 

3  |  &£  S 
»£s|S 
*  $!§  e 

I  ?  s 

sf  I  S  »  £ 

S'?  |  si 
°  «  8>  8  ? 

?!  iii 

a.  «  OT  OT  o 


’  ?  S  »  1 

j  c£  1“ 

I  8  if 

:  3  "  »  i 

»  «  S«  g> 

!  1  eJ  3 

i  §•  g.35  £ 


SdS- 
30  3  g 
</)  w  £  E 

•  •  <g  CL  S 

*  g> 
r  9  £  S 

8 1  d  ” 

«  a  o  s 

**  "2  c  »  o 

o  ro-  ©  ®  1 

?  1  3> !  I 

£  £  S  3  £ 


S-£  8  1 


<U 

g 

!  8  g‘3'« 
2.1®  8 
l  w  ®  m  a. 

*  ®  o  .£  » 

j>  c  tL*  ■§  g 

;  It  8  | 
!  3  «  s.  - 

ml 

®  Z  TO  3 

S£  E  5 


=»  Jk  *  TO  S  «2 
5  ®  ©  a.  ^  to  ^ 

J  ?  5  o  S  ©  ® 

>  TO  TO  S’  ©  g  0) 

)  M  O  3  W  <  M* 


OT  g  ~  ©  OT* 

nils 

m  »  5  ^  2 

i*  C  2  T  5  . 

35  =  3  g 
8^8  8,. 
*  Jtfif 

2  C  T-  p 

.c  ©  -2  jc  ® 

Hi  »°.l 
£  S2£  8. 


1 1  E 

If  l| 

Il|”  i 
SsBs  ! 
tl  “ 

iiih 

w  §  a,tf)  S 

»  *  5  »  ‘ 

oSSgi 
«  Jfi  w  «  S 

;  is; 

2l  3  5.  £  -5 


0  c  8  2 

fSi  ^ 

-  ©  o  —  2 

»  E  O  ^  9 

:  ©  «  O. 

5  %■$  £  ^ 

1  111  | 

5  -£  ^  ®  f 

ill  2  8 

fl  i|  i  | 

5  o  4  t:  2  « 

:  i  1-f  I  I 


><  <  UJ  Q 
Z3  CL  S  <■ 
<  CO  U.  ^ 


f"- 

o> 


Bath  Iron  Works  -  A  General  Dynamics  Company 


iPr 

£  Is  a. 

§  sf  B 

!  *  S I 


Q  ©  10  TO 

5*  e  -S  © 

r  O  ^  .s 
©  O  73  £ 

e  o>t-  = 

SI3  s 

3*>  ? 

■S  I  Q  E 

1—  e»  .  Q 
O  c  »  ° 
y  ®  c  © 
Z  c  O 

in! 

|iff 


©  «  E  ^ 

elf  | 

Pll 


O)  c 

I  ig  f  I  II 

girjslfsl 

Po:f©o©8-oo 


l  «  5  e  - 

!g  t  .1  S  | 


l  ©  (ft  rti 

O  .C  ro 
±=  x:  F 

©  w  i_  *= 

■if  fe  w 
o  ,2  ,a  '£ 
S  P  c  ® 
■°  s  0  © 
£  .2*3  =5 

©  £  3  ® 
?  *  2  o 
■±  C£  CO  ~ 
_J  <  >» 
12  _J  TO 

i  ©  O  5 

2  E  w  ^ 
©  ©  o  © 
■°  to  §  *5 

Up 

a||8 

il  If 

1|!« 
>1  a  | 
E  s  || 

m  I  *  “ 
m  $  ©  o 

<  «M5  C 


rocH!pwSrl*  ^  LJ  o  *“ 

itiiiiM  lip 

!  ©  5  £  3 


off |5 |!§ i| 

Q  a  a  |  Q  3  c  Q  ^  f 

£o§.8£58£'5a 


iii  1 

i  I  s  s  . 


Pel 

©  ©  ^  ®  ■ 

fS  C  T 3 
_  ©  C 

Q.  C  E  «> 

.£«§§ 

*§  §1 
*-  Z.  Jl  © 
i  T>  T5  C  ■ 
•  C  C  Q 

,  a.  (o  <0  o  . 


s  §  i  ° 

!  §  1 1  §  ? 

5  8  is  s  f  ’ 

is  I  it  •; 

2  ■©  ©  t3  ! 

-  ©  w  ©  -J  - 

*  £  3  a.  .  ■ 

SgEi 

-  ®  .  Z  .8  1 

3  <  §  I  l 
fill's  5 

1 1  s  =  g,  : 

iillf  • 

•fSSS  i 

siifi; 

g  1 1  #  |  c 

jsSSps! 

? 

?!  ■ 

3  X>  c  C  J 

»  C  §  «  J 
ro  ci  E  ^ 

#  It  r:  £  a 

c  ©  <£>  >  c: 

t  f !  5 1 

*  8  8  g  I 
flile 
i!  i  |i 

1*=  c  o  c 

“  f  S  2  I 

>■ !  §  |  o  f 

i  ftjlw  © 


f  |.| 

)E|s 

a  «  ©  "o 

C  3  ST  ©  m 

18e  | 

'Sill 
f  °  £  |  | 

►>  O)  rn  2.  O 

0  E  ©  01  c 

J  p  3  2  o 

?  i  f  i  i 

!  E  s  2  a 

]  .5  ©  ©  1= 

I !  1 1  i 


©  2  E 

^  ®  ®  ‘w 

|s"-l 
2  il  I 

g  a  f  » 

N  ©  >,  ra 
0  >.  «  O) 
®  w  ®  !« 
V>  O)  p  ® 
r  c  R  £ 
10  3  o  o 
i=  «  X3  ©’ 
O  3  c  F 

offs  S 

sill 


§  .  S  «>  a 
8  |  g  8  1 
!  E  8. 1  I 

§CD  «  C  OT 

_|fie 

S  *  1 1 1 

o  9>  ”  8  2> 

I  !  S  8  I  , 

aisfll 

V  p  c  E  C 

sitiii 


j  ©  _r  c  _ 

I?  c 

5  SL°.  Il 

>  ®  -*  2  a. 

;?£©.© 


>  >  ^ 

w  w  S 

£  ^  h- 

<  <  w 

Q  Q  fk 

LU  111  ,  [ 

(/)  if)  o 

V)  V)  fZ 

LU  UJ  < 

(V  ry  ^ 


0  c‘  g 
^  2E 
S  E  ro 

iiiii 
1 1  g'  i 
|S|I| 

ii  §  f  g  g 

*5113 

i  s  ®  »  0 

g  «  »  S'  g 

^  ■O  i  i  te 

£  5  e  1 1 


e  c  » 

all 

8,:»  g>  w 

“  1 1 F I ' 

f  »  l  l?.  - 

<0  o  *=  3  »-  • 
©  '©  ©  2"  o 

1 1  |f  » 

cl  g.  to  N. 

§  gg  IS: 

i  £  2  I  » 


is  if 

Itc-I 

g  .g  S  a 

£  Q.O.I 


nit 

to  ®  ^  ro 

«S  S5  m  c 

2-  g-  c  .  ■ 
E  £  <2 [  m  ) 

i  HI  ■ 

S'S.^g- 
« s  ®  i 

8  |1  i  i 

»S>5: 


0  2  ■$  a  . 
ip  g|: 

♦*  .!s  .2  O' 


sit  | §  I s 

TO  O  «  U.  O  «  3 

c  £  ?  ^  -  ©  *- 


TO  O  g 

s  E  ®  i 
5  O.  *  «»  ] 

£  ill1 
*  £  »8- 
=  I 
*  sffi- 

_•  ©  £  JC 
►»  O)  .  « 

Sill! 

-rf-f  g  a; 


S  ill 

lilt 

i7  -  TJ  10 

„  E  ©  c 

sfii 

Sw  ,®  “ 

Ol  ©  w’  ■ — 

Si  tig 

§■!  »f| 

O  o>  E  «  > 

.11181 


®  |  i  |  s 

;  5  s  c  I 

i  1 !  §  i 
ftiss 

™  raw  2 

«  ®  ®  O)  „ 

E  c  «  g  2 

|°1  I  f 

*1  r-  V>  O 

?  5  O  £  l- 
108?* 
oi°>  ;  g 

I  £  1 1 1 
Pi*  2  § 
e  |  2  I  * 

^  t  © 

!  ®  *  § ;  i 
g  2  4  “  ?  4 

r;  ro  W  c  -g  c 

1  g  s  S  « : 

s  S  o  &  -s  c 

<  «  CO  TJ  C  t 


r  to  ™  o 

§,  lg  £ 

5  g  _-  8 
s  "  g  8- 

jlffS 

its*! 

:  ®  «  c  5 

i»g°r 
0  C  fc  »  © 

»  ®  O  ®  « 

i  5,®  5  t 

L“15  c  g 

ilMfli 


■  TO  “•  O  J?  ©  E  Q.  m  3 

8  5  a  £  8  g,s 


„Sf 

at 

I<if 

i||i 

1 5*®  i 

5  ®  g  ra 
2  £  £  £ 
CL*,  m  O 
>  °  C  ~= 

Z  2  *5  I 

Q  §  S  -2 

fin 

5  ra  r  w 

5  fc  o  ® 
o>  ra  w  *o 

ffl  o  -n  <3  » 

Sell! 
*3  £§l 
|a  S  cl 
Sl|.28 

E  q.  ©  2*  « 
£  E  c  ft  -a 
£  8  8.8  § 


:  S-  O  ®  ® 
i2;£  «■ 
;.2?o2 
i  £  °  TT  £ 


!l»s; 
iH  if 

iilfS 

rl  i  § ! 

:  c  <  <o  (c 


;Et 

Egg 

g  o  S  75 

I  I  I  I 

5. a  c 


■o  i  s  | 

C  J=  Q.  s 

®  2  2  m 

S  o  >*£ 

p  5  cd  -a 
c  —  >s  c 

TB  2  2 

gp 

§•£■1  S 

«"  C  «  T3 
©  O  ©  2  © 

S  “  £  m  ® 
>  ‘S  ?  ®  n, 
o  S  «£  J 

°9 

©  m  «  ®  2 

w  $  «  o>  — 

a.8  55  g 

?  cc  o  i  " 

p  c  «  o  ® 
■B  _  ?  ©  E 
c  £  £  x-  ® 
®  ffl  c  „  “ 
■o  »  ~  2  gr 

fill? 

o  1 1 1 ! 


8*8  f*8 

^  .1  E  SgE 
8  f  E  8JE 


Si;  C  «  2“  c  « 

Serf  5itf 

w  £  §  w  £  g 

«?  c  §■  M>  C  O- 
x  .2  £  o  s— 

OWW-3-QWW^ 

«ri§i2t§l 

£  S&8£  15-8 


o 

2 12 
s  »  sf 

iflil 
If  lli 

i  i  i  1 1 
il||  s 
llflp 

$Hn 


1  5  £  ^  £•  I 

j  o  X  ©  < 
tJ  |  TJ  £  f 

8|  Sf  ! 

=  3  ?! 

xi[«ij 

®  oS®  | ! 
#5  "55  w  S  w  i 
O  c  ©  O  c  o 

— -  5  O  .  ©  J 

j.IIj  Is 

a  uj  <o  £  uj  o 


m  —  w 

r-  in  p  to 

!  o  ®  S 

s«  |i 

i 

r  s  e  o  s 
U8|5 

Lu  a  ©  2, 

)  £  w  o  3 


•I?  -if 

2  ®  C  3  to 
E  c  O  CL  2 

1 1  a  f  § 

15  2  S-  w  2 

03  ©  Q-  CL  ZJ 

oQ-2-S  8 
«|!e| 

sitfl 

ill  if 

a.  co  <  ©  cl 


iSS 
8  || 

c  s  §.=• 

O  -D  !  e 

■*  85  "  g 

£&£  g. 


S-3  »  j 

?.  £  £  I 

I  a  « 


liS0?  E^7 
t:  3  •»-  ©  o> 

8  E  4  gg 

«  3  £  S  g 

r  5  }  a  o 


»  5 

5  2  | 

3  3  5.  _ 

■  e.i? 


j § I s it  g 

=  “  O  .§  B  g  2  ~ 

,)Ewc©c2£ 

♦wSg—  WQ-G 

C  « g  £  S-8 


5  3  «  O 

i  I  8 1 

*1 !-. 

<  >  a 
«i  a  §  S 
R  g  I  | 

8  8.^  g- 

«ESj  J 

S  5  8  §,  | 

*>  I  £  s  a 

V  i  4  *  P 
£  3>  Is  8 


I  ®  O)  c 

is  s 

j  g.  |  i  g 

.  ©  =  .2*  o 


of  i| 

s® 

5 1 !  s 

d  I  5  u 

S  «? 

of  1  1 
i  g  8  ■  ! 
B  °  ro  9  o 
o  2  a>  c  2 

Lilli 


ill! 

sill 

^  c  ©  2 
w  ©  o  a. 

1  s’!  •? 

I)  J  !j  M  ® 

3  E  3  ©  © 

5  «J  ©  ~  •- 
2  ©  £  £  o> 

-  ©  L  O)  c 

3>  £  £  €  ® 

j>  g  a  1  "8 

2  g  ||.S 

j  oi  |  c 

$  3  ;  8.1 

s£  | :  | 
i  £ 1 !  =8 
Id  Si# 

•  1  a<  ° 

5  v*»  .  « 

j  z  3  8  a  . 
!  “  »  |  1 1 
;§&■ 8  a 

Q.  £  Offl 


C  ©  > 

if  | 

•§■£  a 

®  §  <  ® 
fc  •«  «  £ 

©as® 

£  g.  £  © 

*  SSe 

^  1 1  s 

ties 

e  s  S  | 

*  S  l! 

8  tt  ®  ° 

»  "!  £  3 

®  C  L 
U  D>  »  * 

c  u>  |  5 

goo© 

•O  Q.  XT 


III 
?  I D  * 

©  3  c  Q 

Jgl 

fee.  S  ® 
of  2 
111* 
o>  £  Q  £ 

!  nii 
f!g| 

I  £  3  CD  < 
■  m  ®Q  J 

l  c|“wO 

,  g  f  ®  =>  g 

;  8  I S?g 

)  E  <  ©  (5  g 


..  s  g 
u  is  s 

i  y  C  « 

W  S  3  -Q 

•o  c  c  3 

SI  2° 

io-2—di 
p  o  .£■ 

O  m  £  © 

©  ™  ©  <5 

« ® si* 

rjfiil 

!«  8  |  ft 

i  £  g  8  «  ® 


*3  y  p  © 

l!»!s 

!  1 1 1  s 

1  #•£  S  g 

■  o-f-S  £ 

lilss 
|Ii-f  i 

S  Q.  ®  o  © 
*2  «  .5*  Z  2 

®  a=  «  C  ® 

.c  ©  ©  ©  e 
©  x:  3  P  © 
m  ?  .9  ©  ra 

iljli 


sill 


a  -s  a  5 

§1  6  i 

SE  Si 

iS  6j 

-I  -  1 
Sii*] 
•» !  s  •»  s 

*>  2  m  «  3 
£  1  Ql  je  1 

O  jjj  £-0  s 

t*>  X}  ©  *<>  X 

£<3l££ 

c 

kg„-*| 

1  s  1 1  § 

|Sf|' 

®  O  “  |  « 
N  |  b  ®  | 

<-  ©  -  _r  a; 

s  61  li 

2  O-  I  ^  I 

£  ©  ai  E  J 


|  s  c- 1  ? 

1  o  |  2 1 

}  !  |  il 
?  2 1 1 1 
s  Ills 

itm 

n  tu  e  o  jf 

s  Eli  S 

i  t|il 
£  »  s.  £  a 

I 

s  I 

ra  © 

o  8  . 

«_  w  © 

I  -  I 
«  ®  £ 

511 

lii  1  S  §■ 

^  «■  s 
8  2  8  £ 
«  g  *  c 

ffl  .E  O 

O)  a  2 

6  j  *  | 

SSfl 


iill! 

!  c  ffM  T) 

“  ©  ®  •=  c 

•  _z  —  fi  OT 

:  S'  B  ~  S 

*  c  ©  o>  X 

ill-si 

>  5  3  <5  g  g> 

>  ra  c  g  c  -p3 

:1  g-f 

.  <  iu  a  ©  © 


2  — 

1  -  S 

o  C  © 

2  ®  .E 

a  .11 1 

p|i 

ilti 

S?  Il 
J181. 


©goo. 

a  3  o 
tfl  © 


pig 

lift 

S  -§-2  £ 
s  a  ®  a 

^  UJ  5  © 
«  O)  cj  . 
C  £  .£  o 
■»"  5  .M  H" 
o  o  «  2> 

#  h  "■'.5 

W  3  2j  | 

c  en0-  £ 

°.  §  |  s 
SIP 

fc  2  1  a 


S  3 
2  ©  © 

»  .  c  W  o 

5  o>  o  “*  © 

1 1 1 1 1 

i !  f  j*  I 

u  S  ©  O  OT 

>)  ©  &  CO  -£i 

f  5  g'  a  S 

a  S  2  E 


®  «  &< 
3  .£  ra  Z 


81  if 

.E  a  c  j 

S  =  3  3 

o  — -  c  © 
h  a  ®  a 

oSi? 

"S'5! 

8  to  o  £ 

«  S  S  n  » 

S  »^s  i 
°.f  c  £  I 

2  8  §  g  g. 

£  b  a  ®  ® 


©  o  £  © 

<o  £  -Q  « 

8  S  5  -q 

>  2  c  -o 

I  S’  ®  8 

X  ©  £  — 

•  •  ^  ^  O) 

e  8  ^  § 

C  Vt  ■* 

O  ©  ®  S 

Ji  5  n  l 
w-  S  H  3  5 

x;  JS  cf  ©  © 

6 .1  a  £-  g 

V  5  c  2>  ‘5 

£  I  a®  a 


©  t—  u. 

f©  >  £  e 
>  <  «  © 
g  q  ©  © 

•  S  a  1  * 

©  .  ©  ©  © 

"  m  o  .2  3 

=  8  “  q.  § 

(t  C  0)  Q.  3 

_  ©  3  <d  tn 

g  a.  a  ©  © 

s  »  *  s  « 

~  <  tr  ©  ® 

§  3  ©  > 

S  S  ©  §  ° 

1  Q  C  - 

So  2  g  S 

K  O  IL  J 


a  -I 

®  5 

S  £  . 

ojol! 

|  ”  a  a 

•  oil 

’5|So 

§1*5? 

■s  S  c  © 

2  o|  | 

■5  k_  ©  3 
c  *2  ic  i2 

fill 

£  o  ^ 


oo 

ir> 


2  ©  »  8  5 
s  «  8  £  % 
5,  ?  S  ®  f 

a  «=  c  oiT, 

5  a? » 1 

D  "O  *®  T5  .2* 
5  C  O*  m  '55 
;  ni  c  S  o 

,  c  §  2  S 

3  o  «  ^  -5 

»  2  od  2 

I!|i! 

i|Ut 

iiEsS 

-  TO  j-  w  ® 

:>  ©  o  .*2  E 

D  £  £  .«  ® 

E  S  *  5  | 

.  <D  »  ®  g 

S  ®  S 

ini 

°a|a 
5  -£  £  o  S 


§  «  1  S 

O  OT  .2  (0 

tJ  JB  ^L  © 

©  ©  £•  « 
i  .s  o  ® 

•D  g  O)  £ 

«J  »  C  *- 


I  2  g  r  f 

S  |  1 1  a 
■£*>©£ 
|  E  ®  I  g 

l|s  If 

jlpl 

■2  E  §  S'  ® 
ft  ©  -O  ©  q 
„  2  £■  »  '$ 
o  o  .2  ©  -Q 

®  c  ?  I  § 

8  3  g  a  I 


.fc  o> 

5=  C 
£  >  s 

JzSJ 
|  a  §  8 
|  ”  §  ?  S 

.  CD  Q.  -S  2 
-  w  c  w 

llllf 

,-£§»! 

2  ©  E  o  © 

3  o  <0  -g  3 

s  -S  2  2  5 

=  ^Q  la 
S  s  »  8  | 
I  a:  5  &  = 

>  »  5  ®  f 
»  B  ®  »  £ 
j  B  s?g 
5  -i  2  "i  < 
j  3  3  i  „ 

}  c  m  ©  c 
no  o  ©  o 
i  ©  <3  3  1o 

»1q  i 


]2g>S- 

»  ^  S  °  .2 

5  g|g£ 

)  ™  CL  3  C 
3  75  CO  CO  O 


-  -o  c  «* 

s  §  8  .  § 

=  r  3  2  B 

3  fa  || 

s  ®  a-  §  a 
3  £  2  w  c 

>;s°! 

2  <«  C  J3  T3 

3  'Z  -o  5 

iigif 

inn 

5 1  o  1 1 

E  ■  &  8  ff 

2^5  C  *3 

is  8  | 

i  8g£  | 

!“|  E  £ 

>  «>  £  g  E 

:  ©  .£  © 

-  5  ®  e  B 
J  ©  B  ©  © 

;  »  c  tj  o 
J  i2  o  c  o 

>  73  o  ©  (0 


8  £•  8 
ill 
ffi< 
3I|| 

Soil 

o?Hi 

S.-0  3  s. 

w  m  'E  — 

si'lf 
s  I  2  I 

S|i| 

log! 


w  ©  ®  w 

C  3  ®  ° 
~  Q  £  | 

ft  >  *£  | 
g  2  Q.  ® 
$  Q  Q  .£ 


^  =  m  £ 

Z  TJ  c  T3 

£  o  c 

©  JS  s  « 

0)  1  TJ  « 
p  O  ^  « 

c  O)  ro  — 

t/1  L  1.  (/) 

M  (V  O  © 

I  fill 
1|  ?i 

.53!* 

CJ)  ~  c  » 

c  <o  «  E 

£  ®  o.  2  . 

I  lias 


p  »  n 

j  f !  s  | 

.9-  ^  <n  B 

I  °:s  1  ® 

■  £  ©  «  e 

:  O  ©  w  © 

i  |  £  O)  » 

I  3  1 1  “ 

!  g*;t 

!  S  S  3  §• 

!|fll 

ills 


I  f  « 

S  1  2  c  I 
o.  a  ©  o 
®  2  c  » 
«  h  ©  ® 

«  o  u.  t 
Et£fi 
«  ft  -a  S 

ffir 

l  § 2 » ; 

cSo! 

»o  je. 

S3fif 

Q.  cl  ro  £ 


S  £  tf 

c  O  S 

°cnc 
s  o  _  o 
P  c  O  c 

!  S  J  s 
8&II 


5  S 

*  ?  I 

"i «! 

8'd'gfi  » 
5  fi  s  1  I 
»{!£( 
1? 
I  8  |  |  e 

£  *?  m  O  O 


ii  ill. 

w  ||?I  S' 

y  ©  3  «  -§  a 

D  ©  E  a  CL  c 

^  B  ©  *2 
t  2  go  1  E 
H  8|  S-SS 
o  45  «  S  >  5 

O  ®  «  l.  ?  P, 

03  i  I  £  ©  B 
z  c  5  B  S  £ 
5  i  1 1 « ! 

d  B  ®  |  z  |  ' 
O  z  E  ©  Q  &  \ 


i  |i 

..  O  Q. 

„  - 

8  .1  * 

(Z1  to  tfl  _ 

“«lf 

alii 

„  ©  .9  >> 

tp  C  3  © 

_£lll 


s  Q.  ®  s 
E  <  s  8 
|  ?!  8 
Si  s  s 

1  8 

«i 

B>f|f 
>  ®  8  ^ 
“  S 

off? 

*  I  £  f 

cife  £ 

o  1 1  s' 

►  go® 

2  ®  s.  55 

s:  3  $? 


S’H 

>  g  |s2 
i  i  8  g  | 
E 1  «  S  I 

>  &2  g  •» 

-si  Sf 
if  i£z 

rf  i|l 


III 

O’  O  tE  r- 
Ui  ©  ©  g 

lit! 
If  g  I 

i  §  s  g 

8,gsffi 

c  £  2  c 
g  >  cl - 
t  c  cc  o 
<  m  15  2 


©  ®  P  2 
8  5«3 

D  &g  = 

^  g  .1  S 

llll 

||  if 

c  s  2  S 
w  i:  c  ra  _ 
o  «  c 
2  o  s  ©  © 

^  g.  S  S>  E 
£  ©  ©  ®  © 
w  S  -ft  o> 

«?  S  g  I  § 
£  a  §  €  i 


wpo  .2 

Sss  t 

»  ai  ®  | 

«s  S?*1 

2  «)  o  P  2 

8  a  8 

.S  '5  *  „  fi 

i  Jsl  s. 

if. 

f  H2|: 

Z_DJU  O  ,E  . 


3  °  9 
d“<« 

i|ti 

iigg 

“>5  (DO 
CO  B  z  $ 
b  •-  Q  > 
i  wzo 
O  >*  h- 
m  co  _l  co 


asas 

S I  <  5 
^  £  1  > 
>  z  m  ^ 
2  O  U  Z) 
tuo  co  co 


Bath  Iron  Works  -  A  General  Dynamics  Company 


Bath  Iron  Works  -  A  General  Dynamics  Company 


NSRP  #6-96-1  Outfitting  -  600  11/01/00 


m 

o 


Bath  Iron  Works  -  A  General  Dynamics  Company 


CD 

O 


NSRP  #6-96-1 


Safety  Indices 


11/01/00 


SWBS  TOPIC 


SOLAS 

•consolidated  version 

LIFE  SAVING  EQUIPMENT 


CFR 

*CFR  46  Shipping  unless 
otherwise  noted 


77 

Evaluation,  testing,  approval 
of  life-saving  appl.  and  arrgmts 

3.4 

KFTm 

nra 

tSfetHHiBcl 

iKnn 

IHH 

H 

I^HE 

Production  Tests 

3.5 

IHH 

— 

— 

Communications 

3.6 

WK>I 

IKEll 

xmvT&zm 

■mi 

IEEXK7E1 

91.20/25 

rrKiEf 

mx-w/i 

IHH 

IHH 

I^HB 

Two-way  VHF 
radiotelephone 

BMHH 

rnsnrn 

\msm 

5.18 

IWH.WII. 

■Farea 

im 

I1KMH 

BIi*Iia 

91.60-20 

HEM 

IEH 

HH 

EH 

IH 

EPIRB 

E ES3 

■iwa 

IBfvILfM 

■Hl'lll 

■ffil 

■l-ml 

1  131.890 

1  47CFR80 

133.60 

■HH 

77 

Distress  Flares 

jB*Oi 

■IMS 

■t!#a 

ERiliEEa 

EEOPKft 

122.614 

1  169.553 

HE 

HH 

77 

Rocket  Parachute  Flares 

3.35 

\  160.036 

— 

E^H 

^BB 

77 

Hand  Flares 

■EES 

BBBI 

BttftVlB 

■bww*!s 

160.037 

— 

HH 

■hh 

E^H 

IHB 

77 

Buoyant  Smoke  Signals 

cz — 

HH 

— 

^H 

BriMifc 

hb 

Hi 

BUHMHl 

heh 

men*** 

On-board  communications 
and  alarm  systems 

General  Alarm 

3.6.4 

BB 

3.5 

[  28.240 

35.40-1/5 

113.25 

196.37-5/7 

96.05 

Et.kW.IB 

108.625 

97.37-5/7 

121.602 

Public  address  systems 

■X2S 

■emem 

■2EH 

hi 

^BIB 

hh 

112.15-1 

77 

Personal  Life-Saving 

Appliances 

3.7 

mssu 

3.30 

■FBRiE 

■i-i'Ua 

■RlK^l 

EH.MM 

mm 

■bMhkbbi 

78.47-45 

28.135 

EPI^STE 

108.645 

■HH 

■K*an 

90.27 

EEgEftM 

96.06-1 

77 

Lifebuoys 

mssm 

KBDI 

3.31 

180.70 

199.271 

160.050 

■-EIKM 

108.649 

■IdOHM 

169.549 

117.175e 

117.200 

77 

Lifejackets 

mwxm 

EUKBE 

3.32 

BUil 

117.78s 

180.71/2 

180.78s 

BEHta 

EETilTM 

Eoxsa 

EI-IIAM 

BMMW 

EEixggE 

160.055 

160.060 

E*«[.E 

108.649 

EMWJM 

Mi 

115.808 

77 

Lifejacket  Lights 

E»:I»/--M 

mtiuaam 

B 

77 

Immersion  Suits 

mWiKM 

3.33 

MKimm 

EEHW 

■Eranaa 

B^H 

169.551 

H 

77 

Thermal  Protective  Aids 

MW 

3.34 

— 

I^H 

■HE 

88 

Muster  List  and 

Emergency  Instructions 

3.8 

3.53 

km>i 

■EjEE 

■KHUI 

97.13-1 

■m*mei 

196.13-1 

97.15-35 

■HI 

88 

Operating  Instructions 

3.9 

— 

— 

^H 

HH 

i^H 

HH 

HBHI 

■^■i 

88 

Manning  of  Survival 

Craft  and  Supervision 

■ 

EWE 

1 

5 

ii 

u 

1 

■!■!***■ 

IKII 

— 

J 

_ 1 

H 

HH 

I^HII 

583 

Survival  Craft  Muster 

and  Embarkation  Arrangements 

■ 

■BE 

KEJM 

■ 

■iUHil 

■kmhm 

■F5UP5BI 

■m 

■ 

■EaEETiw 

IKF30F1 

H 

HH 

I^Hil 

583 

Launching  Stations 

■ 

KEiM 

MEM 

■ 

■HU'S 

KEEBZSBli 

28.395 

108.633  1 

■M 

114.400 

■^Hl 

■HH 

Bi^HI 

583 

Stowage  of  Survival 

Craft 

3.13 

117.130 

117.137 

133.130 

■K.XK.M 

180.137 

199.230 

199.290 

■1 

ESTEEM 

WSSSJE 

HHI 

^■1 

H^H 

583 

Stowage  of  Liferafts 

■HI 

■E9EI 

■HI 

■  l 

■EM1I 

■HHII 

583 

Stowage  of  Rescue 

Boats 

3.14 

133.140 

108.646 

169.521 

H^l 

HI 

— 

583 

f 

Survival  Craft  launching 
and  recovery  arrangements 

■ 

■sail 

■HI 

KBSI 

3.48 

Mi 

iEMill 

■tv*7L*l 

Bail 

L 

_ 

_ 

_ r 

108.550  1 

mm  m  hi 

H^HI 

HH 
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Safety  Indices 


11/01/00 


SWBS 


583 


583 


583 


88 


88 

88 


583 


5831 


5831 


583 


563] 


583 

583 


583 

583 


583 

583 

583 


583 

583 


583 

583 

583 

583 

77 


77 

77 


ri\ 


77 

77 

77 

583 


521 


TOPIC  SOLAS  CFR 


•consolidated  version  *CFR  46  Shipping  unless 

LIFE  SAVING  EQUIPMENT _  _ otherwise  noted 


wa 

m^m 

^M 

I^^M 

1 

liMi 

IM^M 

I^^M 

Launching  appliances  using 

Falls  and  a  Winch 

i  ■ejeexm 

■ 

IKKXkkB 

WM.t.IH 

IKEEa 

IHKI 

■ 

1 

i 

■Lk&Hrl 

k«I 

IBlIH-l 

114.400 

|  122.704 

MM 

IMM 

Rescue  Boat  Embarkation, 

3.16 

mmm 

H4XM>1 

■KXCM 

I1KX>» 

i  ■beseem 

(Launching,  and  recovery  arrangements 

_ 

Mi 

IMI 

IMM 

Line-throwing  appliances 

■a 

mm 

3.49 

■eewbi 

■KXH'B 

[■l/'WM 

^M 

■M 

Mi 

l_  108.597 

■^M 

m^M 

IMMM 

Emergency  training  and  drills 

kxlm 

ma 

■  KXK.B 

1  78.17-50 

IKHUSHI 

IKSBEM 

122.520 

122.410 

iKEa^a 

131.530 

IMI 

IMM 

Manuals 

3.18.2 

3.51 

On-board  training  and  instruction 

3.18.4 

3.52 

Records 

109.433 

mam 

^M 

^mm 

^mm 

IMI 

IMM 

Survival  Craft 

mam 

I  117.200-8 

IKEEina 

■MIMA 

■K.W.1.SX 

199.175e 

■K.-EMM 

TflTMU 

160.027 

IwniKHMItM 

IHMH 

112.43-7/11 

111.75-16 

111.79-9/11 

115.808 

■WHIM 

122.730 

114.400 

Liferafts 

WESB 

MEM 

160.042 

■IiliE&fl 

117.175/200 

120.434 

122.518 

1 

Inflatable  Liferafts 

MM&2M 

■BElKkMl 

■ 

122.730 

169.513 

91.25-15 

mmS 

Rigid  Liferafts 

3.40 

Rescue  Boats 

H&a&i 

3.47 

117.210 

133.135 

133.175e 

■EjHEMl 

199.202 

■EHEW 

108.560 

EIEH1 

■Fireml 

Marshalling  of  Liferafts 

199.203 

— 

Lifeboats 

199.520 

1 60.01 3e 

■ESSEE!*! 

160.035 

■EES! 

169.513 

189.25-20 

92.10-40 

■5XBF51 

120.434 

134 

mmI 

Partially  Enclosed  Lifeboats 

3.42 

Self-Righting  partially  enclosed 
lifeboats 

■BM 

■ 

Totally  enclosed  lifeboats 

3.44 

Free-fall  Lifeboats 

3.48.4 

108.557 

199.157 

Lifeboats  with  a  self-contained 
air  support  system 

Ksai 

Fire-protected  Lifeboats 

3.46 

Lifeboat  launching  and 
recovery  arrangements 

■KXM-fl 

■K.I.tlM 

■beseem 

m 

MM 

Float-free  Launching 

m^m 

160.0731 

114.400 

Evacuation-slide  Launching 

mma 

■SEEIEM 

133.145 

108.545 

199.145 

Liferaft  Launching  Appliances 

m^m 

■3EE1EM 

Embarkation  Ladders 

^mm 

MM 

160.017 

92.10-15 

Safety  Flame  Lamps 

5.11 

SgreililEB! 

BHfPEill 

m^mi 

MM 

MiMII 

Emergency  Drinking  Water 

160.026  | 

1 

Magazine  Chest 

■l 

■  K.IrMJI 

97.37-47 

CLiidl 

108.651  | 

■Mil 

I^mI 

First  Aid  Kit 

K2E2H 

BtHMI 

■assail 

■hksbmI 

169.725 

M^Ml 

^^Mil 

mm mI 

Jackknife 

160.043 

Desalter  Kit 

160.058 

Fishing  Tackle  Kits 

■■I 

hmn 

Ml 

MM 

160.061 

Manual/Hydraulic  releases  for 
lifesaving  equipment 

7 

1 

■I 

■mi 

KIH 

28.880 

■  j 

■l 

■1 

— 1 

115.808  | 

MM 

mm 

FIRE  SAFETY  SYSTEM 


Fire  pumps,  fire  mains,  hydrants 
and  hoses 


2-2.4 

76.05-15 

78.47 

28.315 

28.820 

34.05-1 

34.10 

95.05-5 

95.10 

108.401 

109.329/33 

167.45-25 

193.05-5 

193.10 

132.A 
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SWBS  TOPIC 


521 

Capacity  of  fire  pumps 

521 

Arrangements  of  fire  pumps 
and  of  fire  mains 

521 

Diameter  of,  and  pressure  in, 
the  fire  mains 

521 

Number  and  position  of  hydrants 

521 

Pipes  and  hydrants 

521 

Fire  hoses 

521 

Nozzles 

555 

Fixed  gas  fire-extinguishing 
systems 

555 

Carbon  dioxide  systems 

555 

Halogenated  hydrocarbon 
systems 

555 

Steam  systems 

555 

Fire  extinguishers 

555 

Fire-extinguishing  arrangements 
in  machinery  spaces 

555 

Spaces  containing  internal 
combustion  machinery 

555 

Spaces  containing  steam 
turbines  or  enclosed  steam  engine 

555 

Fire  extinguishing  appliances 
in  other  machinery  spaces 

555 

Machinery  spaces  of  cat.  A  in 
passenger  ships 

555 

Fixed  deck  foam  systems 

555 

Fixed  low-expansion  foam  fire¬ 
extinguishing  systems  in  M.S. 

555 

Fixed  high-expansion  foam  fire¬ 
extinguishing  system  in  M.S. 

555 

Fixed  pressure  water-spraying 
fire-extinguishing  systems  in  MS 

555 

Special  arrangements  in  MS 

Manual  Sprinkling  System 

522 

Automatic  sprinkler,  fire  detection 
and  fire  alarm  systems 

77 

Supervised  patrol  system 

Manual  alarm  system 

527 

Fixed  fire  detection  and  fire 
alarm  systems 

SOLAS 

'consolidated  version 

LIFE  SAVING  EQUIPMENT 


2-2.4.2 

2-2.4.3 

2-2.4. 4 

2-2.4.S 

2-2.4.6 

2-2.47 

2-2.4.8 

2-2.5 

2-2.52 

2-2.S.3 

2-2.S.4 

2-2.6 

2-2.7 

2-27.2 

2-27.3 

2-27.4 

2-27.6 

2-2.61 

2-2.8 

2-2.9 

2-2.10 

2-2.11 

2-2.12 

2-2.36/52 

2-2.2. 1 

2-2.13 

2-2.36/52 

CFR 

'CFR  46  Shipping  unless 
otherwise  noted 


1  34.10-5 

1  95.10-5 

1  108.415 

1  118.300 

IKIES1 

i  mania 

■ 

li^M 

IMI, 

IKSIiSi 

iar*ma 

liEHBaab 

■ 

■ 

II^M 

■H/illl'M 

ks m 

mwxsm 

mimim 

IMI 

■ 

IBMH 

■ 

34.10-10 

76.10-10 

l«3ltiOTl 

118.310 

95.17-25 

IMM 

76.10-10 

76.10-15 

|  34.10-10 

wwn 

95.10-15 

1 EES3 

IMItHKt.a 

iiiccsa 

181.310 

93.10-10/If 

108.423 

76.10-10 

78.47-20 

34.10-10 

35.40-15 

95.10-10 

167.45-10 

IKEESi 

im 

l«W«i 

97.37-15 

131.830 

IMM 

■ 

76.10-10 

\mnma 

IH3E29 

95.17-25 

!■■■■ 

IMI 

Itinn.-g.-a 

imumsm 

nhrsr.wo 

■[*»**■ 

IlltlEiilMil 

KST.TSTil 

E3EMMK 

91.20/25 

■HUM 

HHHH 

hhi 

■ 

mmm 

■ram 

|  35.40-10 

KZ291 

mm 

|aEE51 

167.45-1/45 

■»:!<»« 

mvsi.ivm 

|  119.465 

■■H 

jM 

IKEESia 

■  ifEIti/k/il 

167.45-1  1 

■ 

MM 

76.13 

mtsxm 

95.13 

167.45-1/5 

MEEffa 

76.50 

28.160 

|  34.05-10 

35.40-25 

95.05-15 

E2&EI 
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LIFE  SAVING  EQUIPMENT  _ otherwise  noted 


tmm 

IKESQi 

Installation  req. 

2-2.13.2 

■fclOEUil 

li^M 

Design  req. 

2-2.13.3 

Sample  extraction  smoke 
detection  systems 

2-2.13-1 

78.17-65 

ITi'-TSf 

■SfcHCEil 

nasi 

IMi 

iMM 

Bmhi 

Installation  req. 

2-2.13-1.2 

Design  req. 

2-2.13-1.3 

Fixed  fire  detection  and  alarm 
system  for  unattended  MS 

2-2.14 

2-1.47/51 

rntMtima 

IMI 

wmmm 

IM 

Fixed  fire-extinguishing  arrangement 

2-2.39 

2-2.53 

RMH 

j 

IMM 

in  cargo  spaces 

mmm 

IBM 

■ 

Oil  fuel,  lube,  oil,  and  other 
flammable  oils 

2-2.15 

wmsa 

28.335 

28.835 

35.30-40 

95.05-10 

■^M 

\mmm 

I^BM 

Limitations  in  the  use  of  oil  as 
fuel 

2-2.15.1 

IKlrl 

I^MB 

Oil  fuel  arrangements 

i 

2-2.15.2 

78.17-75 

196.15-55 

95.05-55 

Lubricating  Oil  arrangements 

2-2.15.3 

Other  flammable  oil  arrangement 

2-2.15.4 

Periodically  unattended  MS 

2-2.15.5 

Prohibition  of  flammable  oils  in 
forepeak  tanks 

2-2.15.6 

Ventilation  systems 

2-2.16 

2-2.32 

2-2.48 

2-2.59 

KYJtYAfil 

108.181/7 

169.315 

95.05-10 

■Kknr.« 

111.103 

111.33 

lit*!®//.] 

Fireman's  Outfit 

2-2.17 
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m 

EMI 

■ 

■  H 

■■ Shfr 

Miscellaneous  Items 

2-2.18 

181.610 

International  shore  connection 

2-2.19 

108.427 

MKW.m 

129.390 

HIM 

Fire  control  plans  and  drills 

2-2.20 

122.524 

m mzm 

109.213 

116.530 

131.535 

Means  of  escape 

2-2.28 

2-2.45 

108.160/7 

mv>mu 

■rrrl 

■m 

114.400 

Restricted  use  of  combustible 
material 

2-2.34 

2-2.49 

38 

IE  13 

Inert  gas  systems 

2-2.62 

Fire  Axes 

34.05-20 

Mil  I-  iM 

95.60 

108.499 

■EE21 

167.45-80 

EH 

193.60 

131.880 

I^Mil 

Self  contained  breathing 
apparatus 

■jrWiMI 

Effill 

TiinnssB 

167.45-60 

195.30-15 

196.37-20 

96.35 

96.30-5/15 

Emergency  squad  equipment 

78.47-25 
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■4IIH-BII 

35.40-20 

97.15-60 

UrtiEfcK.I 

kqeshi 

Mfr.Hf.5B 

131.590 

■Mil 

MBI 

Emergency  Lighting/Light 
Searchlight 

78.17-45 

34.40-6 

97.15-30 

■K'Ekt-B 
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96.05  | 

92.05-15 
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MMI 

— 

Mi 

MMI 

Fire  doors 

2-2.47 
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wmxm 
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■IMN 

MM 

Watertight  doors 

78.17-3  | 

97.37-90 

KESMEM 
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Fire  Safety  Measures  -  structure 
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SWBS  TOPIC 


Main  vertical  zones  and 
horizontal  zones 

Bulkheads  within  a  main  vertical 

zone 

Fire  integrity  of  bulkheads  and 
decks 

Protection  of  stairways  and  lifts 
in  accommodation  and  service 

space 

Window  and  side-scuttles 

555 

Protection  of  special  category 
spaces 

Cargo  pump-rooms 

Details  of  construction 

Special  req.  for  ships  carrying 
dangerous  food 

Steering  gear 

I  |  |  Engine  Order  Telegraph  1 

|  |  {Sounding  I 

1  |  IFire  Watch  I 

I  |  [Marine  evaluation  system  I 

1  1  |  Lifesaving  signals  1 

|  |  |  National  Fire  Protection  Assoc.  I 

|  |  |  Sound-powered  telephone  1 

1  |  |Work  Vests  | 

1 _ 1 

|  Engineers  Assistance  needed  I 

|  |  Steering  failure  alarm  i 

1  1  Emergency  generator  ! 

1  |  Emergency  diesel  and  gas  turbine 

|  [Emergency  battery  charger  j 

1  |  Emergency  Bus  Tie  ! 

1  |  Mooring  Eguipment  I 

I  ITowing  ] 

SOLAS 

'consolidated  version 
LIFE  SAVING  EQUIPMENT 


WSBM 

_ 

HHH 

■ 

a 

WEEBM 

WESXEM 

WEBSM. 

... 

2-2.44 

_ 

■ 

2-2.33 

M2EM 

***** 

■ 

mwi*m 

2-2.35 

■ 

■--fW 

.. 

c 


[5.15-1 


CFR 

*CFR  46  Shipping  unless 
otherwise  noted 


■■■■ 

MEHa 

114.400 
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MEEBSM 

■ 

108.135/9 

meebm 
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116.433 

167.45-65 

gTTiTLy 
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mvmzm 
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SHIP  WORK  BREAKDOWN  STRUCTURE  (GROUIPS  100-600) 

100  HULL  STRUCTURE,  GENERAL 

101  GENERAL  ARRANGEMENTS  -  STRUCTURAL  DRAWINGS 

110  SHELL  AND  SUPPORTING  STRUCTURE 

1 1 1  SHELL  PLATING,  SURF.  SHIP  AND  SUBMARINE  PRESS.  HULL 

112  SHELL  PLATING,  SUBMARINE  NON-PRESSURE  HULL 

113  INNER  BOTTOM 

114  SHELL APPENDAGES 

115  STANCHIONS 

116  LONGITUDINAL  FRAMING 

117  TRANSVERSE  FRAMING 

118  LONGITUDINAL.  AND  TRANSVERSE.  SUBMARINE  NON-PRESS.  HULL  FRAMING 

119  LIFT  SYSTEM  FLEXIBLE  SKIRTS  AND  SEALS 

120  HULL  STRUCTURAL  BULKHEADS 

121  LONGITUDINAL  STRUCTURAL  BULKHEADS 

122  TRANS  STRUCTURAL  BULKHEADS 

123  TRUNKS  AND  ENCLOSURES 

124  BULKHEADS  IN  TORPEDO  PROTECTION  SYSTEM 

125  SUBMARINE  HARD  TANKS 

126  SUBMARINE  SOFT  TANKS 

130  HULL  DECKS 

131  MAIN  DECK 

132  2ND  DECK 

133  3RD  DECK 

134  4TH  DECK 

135  5TH  DECK 

136  01  HULL  DECK  (FORECASTLE  AND  POOP  DECKS) 

137  02  HULL  DECK 

138  03  HULL  DECK 

139  04  HULL  DECK  AND  HULL  DECKS  ABOVE 

140  HULL  PLATFORMS  AND  FLATS 

141  1ST  PLATFORM 

142  2ND  PLATFORM 

143  3RD  PLATFORM 

144  4TH  PLATFORM 

145  5TH  PLATFORM 

149  FLATS 

150  DECK  HOUSE  STRUCTURE 

151  DECKHOUSE- 1ST  LEVEL  01  LEVEL 

1 52  1  ST  DECKHOUSE  LEVEL  02  LVL 

153  2ND  DECKHOUSE  LEVEL  03  LVL 

154  3RD  DECKHOUSE  LEVEL  04  LVL 

1 55  4TH  DECKHOUSE  LEVEL  05  LVL 

1 56  5TH  DECKHOUSE  LEVEL  06  LVL 

157  6TH  DECKHOUSE  LEVEL 

158  7TH  DECKHOUSE  LEVEL 

159  8TH  DECKHOUSE  LEVEL 

160  SPECIAL  STRUCTURES 

161  STRUCTURAL  CASTINGS  &  FORGINGS 
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162  STACKS 

163  SEA  CHESTS 

164  BALLISTIC  PLATING 

165  SONAR  DOMES 

166  SPONSORS 

167  HULL  STRUCTURAL  CLOSURES 

168  DECKHOUSE  STRUCTURAL  CLOSURES 

169  SPECIAL  PURPOSE  CLOSURES 

170  MASTS,  KINGPOSTS,  AND  SERVICE  PLATFORMS 

171  MASTS  TOWERS  TETRAPODS 

172  KINGPOSTS  AND  SUPPORT  FRAMES 

179  SERVICE  PLATFORMS 

180  FOUNDATIONS 

181  HULL  STRUCTURE  FOUNDATIONS 

182  PROPULSION  PLANT  FOUNDATIONS 

183  ELECTRIC  PLANT  FDNS 

184  COMMAND  &  SURVEILLANCE  FDNS 

185  AUXILIARY  SYSTEMS  FDNS 

186  OUTFIT  &  FURNISHINGS  FDNS 

187  ARMAMENT  FDNS 

190  SPECIAL  PURPOSE  SYSTEMS 

191  BALLAST  FIXED  LEAD 

192  COMPARTMENT  TESTING 

195  ERECTION  OF  SUB  SECTIONS  (PROGRESS  REPORT  ONLY) 

196  WELDS  &  MILL  TOLERANCE 

198  FREE  FLOODING  LIQUIDS 

199  HULL  REPAIR  PARTS  AND  SPECIAL  TOOLS 

200  PROPULSION  PLANT  , GENERAL 

201  FINAL  WEIGHT  REPORT  GROUP2 

202  MACHINERY  PLANT  CENT  CONTROL  SYS 

210  ENERGY  GENERATING  SYSTEM  (NUCLEAR) 

211  (RESERVED) 

212  NUCLEAR  SYSTEM  GENERATOR 

213  REACTORS 

214  REACTOR  COOLANT  SYSTEM 

215  REACTOR  COOLANT  SERVICE  SYSTEM 

216  REACTOR  PLANT  AUXILIARY  SYSTEMS 

217  NUCLEAR  POWER  CONTROL  AND  INSTRUMENTATION 

218  RADIATION  SHIELDING  (PRIMARY) 

219  RADIATION  SHIELDING  (SECONDARY) 

220  ENERGY  GENERATING  SYSTEM  (NON-NUCLEAR) 

221  PROPULSION  BOILERS 

222  GAS  GENERATORS 

223  MAIN  PROPULSION  BATTERIES 

224  MAIN  PROPULSION  FUEL  CELLS 

230  PROPULSION  UNITS 

231  PROPULSION  STEAM  TURBINES 

232  PROPULSION  STEAM  ENGINES 

233  PROPULSION  INTERNAL  COMBUSTION  ENGINES 

234  PROPULSION  GAS  TURBINES 
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235  ELECTRIC  PROPULSION 

236  SELF-CONTAINED  PROPULSION  SYSTEMS 

237  AUXILIARY  PROPULSION  DEVICES 

238  SECONDARY  PROPULSION  (SUBMARINES) 

239  EMERGENCY  PROPULSION  (SUBMARINES) 

241  PROPULSION  REDUCTION  GEAR 

242  PROPULSION  CLUTCHES  AND  COUPLINGS 

243  PROPULSION  SHAFTING 

244  PROPULSION  SHAFT  BEARINGS 

245  PROPULSORS 

246  PROPULSOR  SHROUDS  AND  DUCTS 

247  WATER  JET  PROPULSORS 

248  LIFT  SYSTEM  FANS  AND  DUCTING 

250  PROPULSION  SUPPORT  SYS.  (EXCEPT  FUEL  AND  LUBE  OIL) 

251  COMBUSTION  AIR  SYSTEM 

252  PROPULSION  CONTROL  SYSTEM 

253  MAIN  STEAM  PIPING  SYSTEM 

254  CONDENSERS  AND  AIR  EJECTORS 

255  FEED  AND  CONDENSATE  SYSTEM 

256  CIRCULATING  &  COOLING  SW  SYS 

259  UPTAKES  (INNER  CASING) 

260  PROPULSION  SUPPORT  SYSTEMS  (FUEL  AND  LUBE  OIL) 

261  FUEL  OIL  SERVICE  SYSTEM 

262  MAIN  PROPULSION  LUBE  OIL 

263  SHAFT  LUBE  OIL  SYSTEM  (SUBMARINES) 

264  LUBE  OIL  FILL  TRANSFER  &  PURIFICATION 
290  SPECIAL  PURPOSE  SYSTEMS 

298  PROPULSION  PLANT  OPERATING  FLUIDS 

299  PROP  PLANT  REPAIRS  &  TOOL 

300  ELECTRIC  PLANT,  GENERAL 

301  FINAL  WEIGHT  REPORT  GROUP3 

302  MOTORS  AND  ASSOCIATED  EQUIPMENT 

303  PROTECTIVE  DEVICES 

304  ELECTRIC  CABLES 

305  ELECTRICAL  DESIGNATING  AND  MARKING 

310  ELECTRIC  POWER  GENERATION 

311  SHIP  SERVICE  POWER  GENERATION 

312  EMERGENCY  GENERATORS 

313  BATTERIES  &  SERVICE  FACILITIES 

314  POWER  CONVERSION  EQUIPMENT 

320  POWER  DISTRIBUTION  SYSTEMS 

321  SHIP  SERVICE  POWER  CABLE 

322  EMERGENCY  POWER  CABLE  SYSTEM 

323  CASUALTY  POWER  CABLE 

324  SWITCHGEAR  AND  PANELS 

330  LIGHTING  SYSTEM 

331  LIGHTING  DISTRIBUTION 

332  LIGHTING  FIXTURES 

340  POWER  GENERATION  SUPPORT  SYSTEMS 

341  SSTG  LUBE  OIL 
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342  DIESEL  SUPPORT  SYSTEMS 

343  TURBINE  SUPPORT  SYSTEMS 
390  SPECIAL  PURPOSE  SYSTEMS 

398  ELECTRIC  PLANT  OPERATING  FLUIDS 

399  ELECTRIC  PLANT  REPAIR  PARTS  &  TOOLS 

400  COMMAND  AND  SURVEILLANCE,  GENERAL 

401  GENERAL  ARRANGEMENT  -  COMMAND  AND  SURVEILLANCE 

402  SECURITY  REQUIREMENTS 

403  PERSONNEL  SAFETY 

404  RADIO  AND  TRANSMISSION  LINES 

405  ANTENNA  REQUIREMENTS 

406  GROUNDING  AND  BONDING 

407  ELECTROMAGNETIC  INTERFERENCE  REDUCTION  (EMI) 

408  SYSTEM  TEST  REQUIREMENTS 

409  COMBAT  SYSTEM  GENERAL  REQUIREMENTS 

410  COMMAND  AND  CONTROL  SYSTEMS 

411  DATA  DISPLAY  GROUP 

412  DATA  PROCESSING  GROUP 

413  DIGITAL  DATA  SWITCHBOARDS 

414  INTERFACE  EQUIPMENT 

415  DIGITAL  DATA  COMMUNICATIONS 

417  COMMAND  AND  CONTROL  ANALOG  SWITCHBOARDS 

420  NAVIGATION  SYSTEMS 

421  NON-ELECTRICAL  NAVIGATION  AIDS 

422  ELECTRICAL  NAVIGATION  AIDS 

423  ELEX  NAVIGATION  SYS-RADIO 

424  ELEX  NAVIGATION  SYS  ACOUSTICAL 

425  PERISCOPES 

426  ELEC  NAVIGATION  SYSTEMS 

427  INERTIAL  NAVIGATION  SYS 

428  NAVIGATION  CONTROL  MONITORING 

430  INTERIOR  COMMUNICATIONS 

431  SWITCHBOARDS  FOR  1C  SYSTEMS 

432  TELEPHONE  SYSTEMS 

433  ANNOUNCING  SYSTEMS 

434  ENTERTAINMENT  &  TRAINING  SYS 

435  VOICE  TUBES  &  MESSAGE  PASS  SYS 

436  ALARM  SAFETY  &  WARNING  SYS 

437  INDICATING  ORDER  &  METERING  SYS 

438  INTEGRATED  CONTROL  SYSTEMS 

439  RECORDING  &  TV  SYSTEMS 

440  EXTERIOR  COMMUNICATIONS 

441  RADIO  SYSTEMS 

442  UNDERWATER  COMM  SYSTEMS 

443  VISUAL  &  AUDIBLE  SYSTEMS 

444  TELEMETRY  SYSTEMS 

445  TTY  &  FACSIMILE  SYSTEMS 

446  SECURITY  EQUIPMENT 

450  SURVEILLANCE  SYSTEMS  (SURFACE) 

451  SURFACE  SEARCH  RADAR 
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452  AIR  SEARCH  RADAR  (2D) 

453  AIR  SEARCH  RADAR  (3D) 

454  AIRCRAFT  CONTROL  APPROACH  RADAR 

455  IDENTIFICATION  SYS  (IFF) 

456  MULTIPLE  MODE/FUNCTION  RADAR 

459  SPACE  VEHICLE  ELECTRONIC  TRACKING 

460  SURVEILLANCE  SYSTEMS  (UNDERWATER) 

461  ACTIVE  SONAR 

462  TORPEDO  DETECTION  SYS 

463  MULTIPLE  MODE  SONAR 

464  CLASSIFICATION  SONAR 

465  BATHYTHERMOGRAPH 

470  COUNTERMEASURES 

471  ACTIVE  EM  (INCL.  COMBINATION  ACTIVE/PASSIVE) 

472  PASSIVE  ECM 

473  TORPEDO  DECOYS 

474  DECOYS 

475  DEGAUSSING 

476  MINE  COUNTERMEASURES 

480  FIRE  CONTROL  SYSTEMS 

481  GUN  FIRE  CONTROL  SYSTEMS 

482  MISSILE  FIRE  CONTROL  SYS 

483  FIRE  CONTROL  SYS  UNDERWATER 

484  INTEGRATED  FIRE  CONTROL  SYS 

489  FIRE  CONTROL  SWITCHBOARDS 

490  SPECIAL  PURPOSE  SYSTEMS 

491  ELECTRONIC  TEST  CHECK  MONITOR  SYS 

492  FLIGHT  CONTROL  AND  INSTRUMENT  LANDING  SYSTEMS 

493  NON  COMBAT  DATA  PROCESS 

494  METEOROLOGICAL  SYSTEMS 

495  SPECIAL  INTELLIGENCE  SYS 

496  CRYPTOLOGIC  COMBAT  SUPPORT  SYS 

498  COMMAND  &  SURVEILLANCE  OPER  FLUIDS 

499  COMMAND  &  SURVEIL  SPARES  &  TOOLS 

500  AUXILIARY  SYSTEMS,  GENERAL 

501  GENERAL  ARRANGEMENTS  -  AUXILIARY  SYSTEMS  DRAWINGS 

502  AUXILIARY  MACHINERY 

503  PUMPS 

504  INSTRUMENTS  AND  INSTRUMENT  BOARDS 

505  GENERAL  PIPING  REQUIREMENTS 

506  OVERFLOWS,  AIR  ESCAPES,  AND  SOUNDING  TUBES 

507  AUXILIARY  AND  PIP  DESIG  AND  MARK 

508  THERMAL  INS  FOR  PIP  AND  MACH 

509  THERMAL  INSULATION  FOR  VENT  AND  A/C  DUCTS 

510  CLIMATE  CONTROL 

51 1  COMPARTMENT  HEATING  SYSTEMS 

512  VENTILATION  SYSTEM 

513  MACHINERY  SPACE  VENTILATION  SYS 

514  AIR  CONDITIONING  SYSTEM 

515  AIR  REVITALIZATION  SYSTEMS  (SUBMARINES) 
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516  REFRIGERATION  SYSTEM 

517  WASTE  HEAT  BOILER  SYSTEM 

520  SEAWATER  SYSTEMS 

521  FIREMAIN  &  SW  FLUSHING  SYS 

522  SPRINKLER  SYSTEM 

523  WASHDOWN  SYSTEM 

524  AUXILIARY  SEAWATER  SYSTEM 

526  SCUPPERS  &  DECK  DRAINS 

527  FIREMAN  ACTUATED  SERVICES  -  OTHER 

528  PLUMBING  DRAINAGE 

529  DRAINAGE  &  BALLASTING  SYS 

530  FRESH  WATER  SYSTEMS 

531  DISTILLING  PLANT 

532  COOLING  WATER 

533  POTABLE  WATER 

534  AUXILIARY  STEAM  SYS  -  MACHINERY  SPACE 

541  SHIP  FUEL  &  COMPENSATING  SYS 

542  AVIATION  &  GENERAL  PURPOSE  FUEL  SYS 

543  AVIATION  AND  GEN  PURPOSE  LUBE  OIL 

544  LIQUID  CARGO 

545  TANK  HEATING 

549  SPECIAL  FUEL  AND  LUBRICANTS,  HANDLING  AND  STOWAGE 

550  AIR  GAS  AND  MISC.  FLUID  SYSTEMS 

551  COMPRESSED  AIR  SYSTEMS 

552  COMPRESSED  GASES  N2 

553  02  SYSTEMS 

554  LP  BLOW 

555  FIRE  EXTINGUISHING  SYSTEM 

556  HYDRAULIC  FLUID  SYSTEM 

557  LIQUID  GASES,  CARGO 

558  SPECIAL  PIPING  SYSTEMS 

560  SHIP  CONTROL  SYSTEMS 

561  STEERING  CONTROL  SYSTEMS 

562  RUDDERS 

563  HOVERING  AND  DEPTH  CONTROL  (SUBMARINE) 

564  TRIM  SYSTEM  (SUBMARINES) 

565  TRIM  AND  HEEL  SYSTEMS 

566  DIVING  PLANES  AND  STABILIZING  FINS  (SUBMARINES) 

567  STRUT  AND  FOIL  SYSTEMS 

568  MANEUVERING  SYSTEMS 

571  REPLENISHMENT  AT  SEA  SYS 

572  STORES  HANDLING  SYSTEMS 

573  CARGO  HANDLING  SYSTEMS 

575  VEHICLE  HANDLING  AND  STOWAGE  SYSTEMS 

580  MECHANICAL  HANDLING  SYSTEMS 

581  ANCHOR  HANDLING  &  STOWAGE  SYS 

582  MOORING  &  TOWING  SYSTEMS 

583  BOAT  HANDLING  &  STOWAGE  SYS 

584  LANDING  CRAFT  HANDLING  AND  STOWAGE  SYSTEMS 

585  ELEVATING  AND  RETRACTING  GEAR 
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586  AIRCRAFT  RECOVERY  SUPPORT  SYS 

587  AIRCRAFT  LAUNCH  SUPPORT  SYSTEMS 

588  HELO  HANDLING  SERVICE  &  STOWAGE 

589  MISC.  MECHANICAL  HANDLING  SYS 

590  SPECIAL  PURPOSE  SYSTEMS 

591  SCIENTIFIC  AND  OCEAN  ENGINEERING  SYSTEMS 

592  SWIMMER  AND  DIVER  SUPPORT  AND  PROTECTION  SYSTEMS 

593  ENVIRONMENTAL  POLLUTION  CONT  SYS 

594  SUBMARINE  RESCUE,  SALVAGE,  AND  SURVIVAL  SYSTEMS 

595  TOWING,  LAUNCH  &  HDLG  UNDERWATER 

596  HANDLING  SYS.  FOR  DIVER  AND  SUBMERSIBLE  VEHICLES 

597  SALVAGE  SUPPORT  SYSTEMS 

598  AUXILIARY  SYS  OPERATING  FLUIDS 

599  AUXILIARY  SYS  REPAIR  PARTS  &  TOOLS 

600  OUTFIT  AND  FURNISHINGS 

601  FINAL  WEIGHT  REPORT  GROUP6 

602  HULL  DESIGNATION  AND  MARKING 

603  DRAFT  MARKS 

604  LOCKS,  KEYS,  AND  TAGS 

605  RODENT  AND  VERMIN  PROOFING 

610  SHIP  FITTINGS 

611  HULL  FITTINGS 

612  RAIL  STANCHIONS  &  LIFELINES 

613  RIGGING  AND  CANVAS 

620  HULL  COMPARTMENTATION 

621  NON-STRUCTURAL  BULKHEADS 

622  FLOOR  PLATES  &  GRATINGS 

623  LADDERS 

624  NON-STRUCTURAL  CLOSURES 

625  AIRPORTS  PORTLIGHTS  &  WINDOWS 

630  PRESERVATIVES  AND  COVERINGS 

631  PAINTING 

632  ZINC  COATING 

633  CATHODIC  PROTECTION 

634  DECK  COVERING 

635  HULL  INSULATION 

636  HULL  DAMPING 

637  SHEATHING 

638  REFRIGERATED  SPACES 

639  RADIATION  SHIELDING 

640  LIVING  SPACES 

641  OFF  BERTH/MESS  FURNISHING 

642  NCO  BERTH/MESS  FURNISHING 

643  ENLISTED  BERTH/MESS  FURNISHING 

644  SANITARY  SPACES  &  FIXTURES 

645  LEISURE  &  COMMUNITY  SPACES 

650  SERVICE  SPACES 

651  COMMISSARY  SPACES 

652  MEDICAL  SPACES 

653  DENTAL  SPACES 
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654  UTILITY  SPACES 

655  LAUNDRY  SPACES 

656  TRASH  DISPOSAL  SPACES 

660  WORKING  SPACES 

661  OFFICES 

662  MACHINERY  CONTROL  CENTERS  FURNISHINGS 

663  ELECTRONICS  CONTROL  CENTERS  FURN 

664  DAMAGE  CONTROL  STATIONS 

665  WORKSHOPS  LABS  -  TOOLS  &  EQUIP 

670  STOWAGE  SPACES 

671  LOCKERS  &  SPECIAL  STOWAGE 

672  STOREROOMS  &  ISSUE  ROOMS 

673  CARGO  STOWAGE 

690  SPECIAL  PURPOSE  SYSTEMS 

698  OUTFIT  &  FURN  OPER  FLUIDS 

699  OUTFIT  &  FURN  PARTS  &  TOOLS 
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For  more  information  contact: 

National  Shipbuilding  Research  and  Documentation  Center: 

http://www.nsnet.com/docctr/ 

Documentation  Center 
The  University  of  Michigan 
Transportation  Research  Institute 
Marine  Systems  Division 
2901  Baxter  Road 
Ann  Arbor,  Ml  48109-2150 

Phone:  734-763-2465 

Fax:  734-763-4862 

E-mail:  Doc.Center@umich.edu 


